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ABSTRACT

A review of the dual-phase power system was made. This

study focused on the multi-component nozzle of this dual-

phase system. First, an existing computer code predicting

the nozzle performance was updated, and second a series of

experimental tests on a variable area, two-dimensional

nozzle was performed to verify the computer code.
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I. DUAL-PHASE CYCLE

The dual-phase nozzle is a key element in the dual-phase

engine concept. This nozzle will be studied in detail, but

first a review of the dual-phase cycle will be carried out

from information obtained from References 1 and 2.

Reference 1 describes the dual-phase engine. It is a

new concept which operates on a mixture of two fluids or 1o

phases of one fluid. This cycle employs a high-torque/i,

rpm impulse turbine which eliminates the requirement for

speed reduction needed in a conventional steam turbine.

This allows for direct drive of a ship's propeller with no

gear reduction. This is ideally suited for marine propul-

sion, reducing weight, noise, and volume.

The dual-phase concept is a modified Rankine cycle with

subtle differences of extreme importance. In a normal steam

turbine the working fluid enters a turbine through a nozzle

where the kinetic energy of the working fluid is converted

to a mechanical form. The dual-phase system introduces a

second fluid prior to entry nto the nozzle. This fluid is of

higher vapor pressure than the steam and therefore remains

in the liquid state throughout the cycle. Section A will

describe this two-component cycle while section 1 will dC

the same for a single-component system. The dual-chase

- -_



system can be divided into the two groups illustrated in

Figure 1. Single-component flow can be further divided into

three categories.

A. TWO-COMPONE:T

A two-component mixture is one in which the low vapor

pressure liquid and a high vapor pressure liquid are of dif-

ferent chemical compounds. Some fluid combinations which

have been considered are steam-krytox, steam-caloria, steam-

lead, bismuth eutectic, and dow-therminol. A schematic flow

diagram and process representation on the T-S diagram are

shown in Figures 2 and 3 for the two-phase engine cycle using

a "two-component" mixture. The liquid phase is lithium car-

bonate and vapor phase is steam. To illustrate the overall

advantages of the two-phase engine cycle a discussion on the

theory of operation will be presented using a two-component

mixture and Figure 2 and 3.

The major component of the dual-phase system is the nozzle.

A mixer area is located prior to the nozzle inlet. A high

vapor pressure liquid is placed in contact with the low vapor

pressure liquid in this area. A high pressure vapor liqu id

mixture Is formed. Since the temDerature of the liquid is

greater than temperature of the water, heat is transferred

to the water causing it to vaporize to point 1. Figure 4

illustrates the temnerature and state point from the inlet

zf the mixture area to the nozzle exit. This mixture is

i0
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expanded to a low pressure at the nozzle exit. The expand-

ing vapor transfers momentum to the liquid droplets, while

the droplets transfer heat to the vapor. This tends to ap-

aproach isothermal expansion through the nozzle, point 2.

After leaving the nozzle, the liquid droplets are separated

from the vapor by a rotary separator located on the turbine.

The rotating drum turns at close to the nozzle's exit vel-

ocity. Hence there is very little friction loss between the

separated liquid and the drum wall. The centrifugal accel-

eration produces a very clean separation of vapor and liquid.

The liquid traveling with the rim of the rotating drum trans-

fers axially through holes in the separator disc and subse-

quently enters the liquid turbine proper. The kinetic

energy of the liquid is converted to shaft horsepower by the

liquid turbine. Figure 5 illustrates the dual-phase liquid

impulse turbine assembly. The vapor remains superheated as

a consequence of the heat transfer from the liquid. The

vapor flows from the separator, point 3, through a regenera-

tor where heat is transferred to the condensate. The vapor

is condensed, point 5; pumped to nozzle pressure, point 6;

and passed through the regenerator for heating. Heat is

added between point 6 and point 1 in t j methods. The re-

generator adds heat to the condensate by using the steam

from the turbine rotor, point 7. The remainder of heat,'

point 7 to 1, is added by the heated liquid mixed with the

condensate in the mixer. The water is vaporized by direct-

contact heat transfer.

.5



MIXER NOZZLE

where TL Temp of liquid entering mixer

T7  = Temp of water entering mixer

TLi > T1

T2  = Temp of steam leaving the nozzle

TL2  = Temp of liquid leaving the nozzle

Figure S. Temperature & State Point Diagram
for the Mixture 9 Nozzle
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In the nozzle most of the thermal energy of the steam

is converted to kinetic energy of the liquid droplets.

This acceleration of the liquid by the vapor in the two-

phase nozzle provides the kinetic energy to drive the

liquid impulse turbine. The liquid velocities involved

are relatively low as compared to velocity of the vapor.

Thus, the output of the impulse hydraulic turbine will be

high torque/low rpm. This conversion of the liquid kinetic

energy to shaft power at high torque with low rpm appears

to have direct application to naval propulsion.

B. ONE-COMPO ENT

A one-component system is one in which the working fluid

is of the same chemical compound. One of the simplest dual-

phase one-component systems is illustrated in Figures 6 and

7. The working fluid is heated to saturation temperature by

some type of heat source. Heat sources applicable to this

case are geothermal power plants, engine exhaust, industrial

waste-heat recovery, and bottoming cycles for steam and gas

turbine plants. This working fluid, at saturated liquid con-

ditions, with small amounts of vapor is expanded through a

two-chase nozzle. As the expansion process takes place ,the

liquid partially vaporizes and accelerates the remaining

liquid phase in the nozzle. The dual-phase mixture enters

the rotary 3eparator and the same process occurs as mentioned

in section A. Since the liquid phase is of a much higher

17
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density than the vapor, the liquid velocities are relatively

low as compared to the velocity of the vapor. Thus the out-

put of the turbine will again have high torque at low rpm.

After leaving the turbine the vapor mixture is condensed and

the condensate is pumped back to the heat source. The cycle

is shown on a T-S diagram in Figure 6. The state points are

numbered to correspond with Figure 5. The dual-phase nozzle

expansion takes the fluid from a saturated liquid, point 1,

to a dual-phase flow, point 2. The flow is decelerated in

the rotor; condensed, point 4; and pumped back to nozzle

inlet pressure at point 5. The liquid is then reheated by

the source fluid to point 1.

Another application of the one-component two-phase cycle

is the wet-to-dry cycle. If the initial temperature of the

working fluid is sufficiently high and the saturation curve

has a oositive saturated liquid slope the working fluid can

be expanded to dry vapor. Figure 3 is the T-S diagram for

a wet-to-dry cycle. The fluid is expanded from saturated

liquid at point 1 to saturated vapor at point 2. The vapor

drives an imoulse rotor and leaves the rotor slightly super-

heated at point 3. The vapor is condensed to point 4 and

pumped back to the nozzle inlet pressure at point 5.

C. AD"ANTAGES

The advantage of the dual-phase cycle with respect 7o

marine application is the ability to achieve low shaft speed

20
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in a small turbine engine. For examDle a steam turbine of

150-kw shaft horsepower using the temperature given in

Figure 2 would have a speed of about 60,000 rpm. A compar-

able two-phase turbine would operate at approximately 10,000

rpm. There is also an efficiency advantage. At temperature

corresoonding to Figure 2, a steam Rankine cycle would have

an efficiency of approximately 23% where-as the two-phase

cycle would have an efficiency of 37%. This is assuming equal

turbine efficiencies. The two-phase cycle also allows for

control of turbine speed because the vapor/liquid mixture

ratio can be varied to change the nozzle exit velocity. This

is a capability unavailable in a conventional steam turbine.

Both of the dual-phase concepts can be thought of as a

form of a regenerated Rankine cycle. The dual-phase cycle

by control of liquid/vapor mixture ratio enhances the overall

power system controlability. The T-S relationship for a dual-

phase two-component engine cycle compared to a Rankine cycle

is shown in Figure 9.

Two design studies References !and 2, have shown potential

advantages in the two-phase engine cycle as compared to the

conventional Rankine cycle for marine propulsion. The fol-

lowing advantages were noted:

1. High Efficiency - Full load output power performance

gains ranging from 20 to 50 percent was found.

2. Direct Drive - Direct drive at speeds ranging from

90-4500 rpm was found possible with a single-stage turbine.

22
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3. Reduced Volume - Volume reduction of 30 percent

were estimated.

4. High Part-Load Efficiency - Variable mass ratio

enabled part-load (cruise) efficiency gain of as much as

100 percent.
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II. DUAL-PHASE NOZZLE THEORY

The flow phenomenon of a two-phase mixture has been ana-

!-zed in Reference 1. It is repeated as follows. The problem

is illustrated in Figure 10. A spatially uniform two-component

7 .xture of liquid drops and gas enters a nozzle at hih ores-

sure and low velocity and expands to low pressure and high

velocity. The objective of the analysis is to determine, for

a specified pressure the drop diameter D and the tempera-

tures T and T velocities Vand K and flow rates m andI L .. .

rn, o the gas and liquid phases, respectivel at each station

in the nozzle given the initial values of D, T,, 77' 1 , '

the total flow rate, and the properties of the fluids.

T 0 o 0 _ _ _

-,

igure 10. Dual-Phase Nozzle Flow
Geometrv . Nomenclature

25



The five relations employed to compute the five unknowns

D, Tg , T, V g, and VL, are (1) the momentum equation for the

mixture, (2) the energy equation for the mixture, (3) the

drop drag equation, (4) the drop heat transfer equation, and

(5) the drop breakup criterion. Solubility and vapor pres-

sure relations provide the flow rate ratio mg/mL-

A. ASSUMPTIONS

The assumptions employed in the two-component analysis

are as follows:

I. The liquid is uniformly dispersed as spherical drops

all of the same diameter.

2. The drops break up to limit the Weber number to 6.

3. There are no external forces acting on the two-phase

mixture other than oressure and wall shear, and

there is no heat transfer to or from the mixture.

4. The flow is one-dimensional.

S. The drops are large enough for the surface curvature

zo have neagible effect on the vapor pressure of

the liquid and for the surface energy to be negligible.

3. The drops are isothermal.

'. The gas mixture obeys the additive-pressure law.

3. The oartia! pressure of the predominantly liquid

component in the liquid is given by Raoult's Law.

9. The concentration of the predominantly gaseous com-

:onent In the Iuii is given ry H eenry's Law.

26



10. The volume of the liquid solution is equal to the

sum of the volumes of the pure liquids.

Assumption 1 restricts the analysis to nozzles having

spatially uniform injection of the liquid into the gas and

operating at gas-to-liquid volume ratios greater than unity.

Assumption 2, the drop breakup criterion, states that drop

2diameter is limited to a value D for which W. V 2

6. Thus

12ap,V (i)

where p. is the gas density, V is the Slip velocity V g

and is the liquid surface tension. The form of Eq. (1) is

physically reasonable in that the Weber number is propor-

tional to the ratio of stagnation pressure P ''l S/2 to sur-

face tension pressure 47/D. Hence, a drop would be expected

to flatten and breakup at a sufficiently high value of

This has been verified experimentally and the critical Weber

number found to be S, within a factor of about two. An

additional restriction is that for actual breakup to occur,

the time scent at a Weber number exceeding 6 must be longer

than the natural period of oscillation of the drop,

(PLD 3/ )1/2/4, where p, is the density of the liquid.

This reqiirement is met only in two-phase nczzles longer

than about 10 in. and Assumption 2 may cause the analysis to

overestimate the exit velocity by increasing amounts as the

nozzle length decreases below 1. in.

27
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Assumption 3 excludes magnetohydrodynamic and mechanical

body forces. The exclusion of wall heat transfer is correct

for the insulated nozzles of interest for power systems. In

addition, the relatively high velocity results in short

residence lines in the nozzle proper.

Assumption 4 is closely met in practical nozzles since

good performance requires small wall angles, large throat

radius of curvature, and uniformly distributed injection of

the fluids at the nozzle entrance.

Assumption 5 is valid for the drop sizes of 0.00! to

0.010 in. produced by the Eq. (1) breakup criterion. Assump-

tion 6 is valid because of the rapid internal circulation

in drops. Assumption 7 introduces negligible error in most

cases of practical interest since the vapor pressure of the

'i-uid is small and needs only to be evaluated approx*imately.

-umctions 8, 9, and 10 are either valid, or cause little

error, for fluids of low miscibility, which are the fluids of

interest.

3Z. DERIVATION OF EQUATIONS FOR FREE-STREA FLOW

I. Contl::uity

Referring to Figure 1, the nozzle flow area A is

equal to the gas flow area gi /p V plus the liquid flow
g gg-

area rL/PL/L. Thus

mi -- + 7 7(2)

where r is the mass mixture ratio mL/m.

28



2. Momentum

By Assumption 3, the only force acting on the free-

stream flow is that due to the pressure gradient. If A is

the momentum flux at flow area A, the change in momentum

flux across pressure increment dD is

drft =Adp(3

The momentum flux can be written as the sum of the

momentum fluxes of the gas and liquid. Thus,

If the flow were allowed to continue at constant

pressure, V and VL would become equal to each other at the

mass-weighted mean velocity V. Since for this process,

dc = 0, the value of V7 is given by

(0 hn)v = rn~,+ nzVI()

I-

or

v-- Vg+rV, +V
-+r

.nus, the momentim flux can be written

Since rh + iL 4s constant, the change in momentum flux is

dft -(ih, +uiAddV(3

Substituting Eqs. (8) and (2) into Eq. (3), JV can be written

Cfi- -I / 1'
1~ + pV p p

29
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The slip ratio is defined as

8 = V./V = T,-V1 )/V (10)

This equation can be combined with Eq. (6) to give V and

VL in terms of V:

V= ( + )

T _+8 ) =,V= (i - l~r b (12)

The gas density can be expressed as

p,= W,p/RT, 
(13)

where W is the effective molecular weight of the gas mixture
g

and R is the universal gas constant. i q. (13) is the defini-

tion of the effective molecular weight Wg, which is the

quantity that gives the actual gas density when substituted

n Zz. (13).

3ubstituting :qs. (11) - (13) into Eq. (9), the dif-

ferential mcrcentum equation is

_ 2 IRT, , )
2VdV = d- =- -= tdAIaOP +7 i ' (l

The quantities a and b are slowly varying because s 4s

typically only 0.1 to 0.3 and slowly varying. The quanti-

ties r, T W and p, are also slowly varying. integrating

30



Eq. (14) over a pressure increment Ap, for which a, b, r,

Tg, Wg, and pL are constant to within the desired accuracy,

the change in 72 is

2 / RT,. p + ap/2 r. p
A ,+1 & p - p/2 (15)

All quantities other than pressure can be taken outside the

integral and evaluated at their mean values (denoted by sub

script m) corresponding to the mid-interval pressure p. Thus,

2
l+r

+ dp 16

×fRT,.[ ,d,

Performing the integrations,

AV (27)

x1 ( + RT I a, bp dp (17)

Z. uation (17) i;s the final form of the 7-omentum eiuation.

3. Energy

The enthalpy change of the mixture between state 1

(the beginning of pressure interval Ap) and state 2 (the end

31
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of the interval) can be evaluated in two steps: (1) phase

change at Pl. Tg, TL and (2) change to P2' Tg2 TL2 at

fixed composition.

The enthalpy change for step 1 is

enthalpy required

AH, amount of A to vaporize and
= vaporized X heat unit mass of

A from T, to T L

amount of B enthalpy required
+ vaporized X to vaporize and

heat unit mass of
3 from TT to T

kinetic energy
amount of A required to

+ and B X accelerate unit
mass from V to
V

or

4= (rn,. - ,,) [L,, + c,, (T,, - T,)]
*-" (vib, - 1ib) [L81 + CbL, (T91  - T,,)] (13)

where L and c are latent heat and specific heat, respectively.

introducing mcre compact notation.

AM, - ark, (L., + c.,, 8,)

(19)
+ Al,, (L6, + %,8,T) + 2

The enthalpy change for step 2 is evaluated from the

tempierature, pressure, and velocity changes, with properties

evaluated -t mean T and P for the interval.
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AH, = I, [,. (T,. - T,) + 7L (V2,: - 1

+ m,, lei. (T,, - T,) + P2 - PI
p'., ( 2 0)

+ .1 (Vi,- 
V:I)]

illi C# AT, + ±2ie) '"(1

= ,,,.AT, + I-++ll(C. +_. 21)

By Assumption 3, no work is done by the free-stream flow

and no heat is transferred to it. Hence,

A11, + AH, = 0 (22)

Substituting Eqs. (19) and (21) into Ec. (22) and

solving for AT gives the energy equation for the mixture:

g rD AV / 
In 

V
AT - i +r2 (c1 AT, + AP +Z V

C. 2 P' - , 27

+ h,,V- + Q,+ c.,,8,T)

(23)

* A760 (L6 + C6D8I)

4. Drag

Although no force other than pressure acts on the

free-stream flow as a whole, a drag force exists between
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the phases. Hence, a second momentum 
equation must be

witten using as the control volume the boundary between

the phases.

The two forces acting 
on each liquid drop are 

the

buoyancy due to the pressure gradient 
and the drag due to

the relative gas velocity. The sum of these is equal to

the mass times the acceleration 
of the drop. Thus, for a

single drop.

dynamic pressure of 
drag frontal area

relative gas flow X coefficient X of drop

volume pressure mass acceleration

voue X - =of 
drop

of drop gradient drop drop

or

D2 rD' dp
8PV-IV, cM-- - - (24)

The absolute value sign In the first term makes 
the

drag force positive when 
g > V L and negative when 7 < 'I-

Solving Eq. (2U) for &" L ,

j 4pgV a -VI (25)
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Differentiating Eq. (12), dVL can also be expressed in

terms of s, r, and 7. Thus,

. + +t (26)

Solving for ds,

b(_ +,)d sdr (I + ,) dV,& V + 1 + r (27)

Substituting dVL from Eq. (25), noting that d7

dY /27, using Ec. (12), and writing for a finite increment,

results in,

As = b. (1 + ,. 'L+ (1 + F.) AP + .,
2V' bpj,.V I + r. (2)

3p. IS.-I S.Co. (1 - r.)
... ... 4 b..D

This is the drag equation employed when x is specified

as a function of P.

3olving Eq. (23) for A x yields the reQuired alter-

native equation:

3P. It I. -SOT +2
/(29)

1+r
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5. Heat Transfer

Although no heat is transferred to the mixture as a

whole, heat transfer exists between the phases. Hence, a

second energy equation must be written using as the control

volume the boundary between the phases.

The work dW done on e liquid is that due to drag

by the gas. (Only work done by shear or shaft forces is

included in dW when writing the First Law for a control

volume). Multiplying Eq. (24) by the number flow rate of

3drops N = 6irL/WD 3L , the drag force Fd on that quantity of

liquid is

n = P# IV. I V.C.D2 , p + h,vl, (3o)
FdN ~seD= A~p drrV (30)

The work done on the liquid is

& i2 (31)

The heat dQ transferred from the liquid is made up of

two parts: (I) the convective cooling due to the temperature

difference between the liquid and gas and (2) the evaporative

cooling due to the latent heat supplied to the liquid vaporized.

The convective cooling is

-dQo = JIA'(T, -,

(32)
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where h is the heat-transfer coefficient, Ad 7D is the

surface area of a drop, and dt = dx/V, is the time required

to traverse dx. Thus,

-d ,=6hth1(T, - TI)dx ( 33)DpjV(

The evaporative cooling is

-dQ. =dh..-A, -L+,Eh (34)

The change is enthalpy of the liquid over the pressure

increment dp is

pI 2 (35)

Substituting Eqs. (31), (33), (34), and (35) into the

steady-flow energy equation dQ - dU = dH, the result is

DpIVI -Ldih, - Lid = i fChcdT, (3)

where 3T = T -

Writl f or a finite interval, the a form of the

drop heat-transfer equation is

aTg = 1 6h5..T%z Le. ±'**!LL. -A,_ -L,[- L,-- mb
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Equations (1), (17), (23), (23), and (37) are tr.e five

equations that must be solved s~multaneously to obtain the

values of the five dependent variables D, Tg, "LI V andL'g

V1 as a function of the independent variable p. To carry out

the solution all quantities in the equations must be expressed

in terms of these six variables.

C. WALL SHEAR AND BOUNDARY LAYER

For a two-phase nozzle, the momentum flux of the friction-

less nozzle flow is that given by

The mean mixture density corresponding to the mean velocity

is

(38)

where r is the ratio of gas flow area to liquid flow area
V

From the definition of the momentum thickness, the va- .e

of - at a station where the nozzle wall radius is YJ s

given by

,Vf = 2_.0-A = 2,yop'V29

(39)

where M= is the momentum flux of the real flow with frictior.
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The skin-friction coefficient can be defined using the same

quantities as single-phase flow

C, = 2-, (40)

where T is the wall shear. It will be shown that a valid

CF value can be provided.

The bcou:,ary-layer momentum equation then becomes

C,& #= -- -d

(41)

dV + d(p V) + + dRc]

where 6P is the displacement thickness, i.e., the distance

the wall must be moved outward to give the same flow rate

as with frictionless flow.
1

Assuming a power velocity profile and no density vari-

ation, the shape factor 6*/& is obtained from

(-_ (y/S )'] dy

9 = 6f (y/8).' 11 - (y/3)'" dy

where 5 is the velocity thickness of :he boundary layer.

oting that dV can be written dV /2V, and that d(P'7)

d(mt/A), the finite-difference form of Eq. (41) is

10 a . I- T L \Y
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wall shear in homogeneous two-phase 
flow has been found

to be equal to that which would 
exist with pure liquid at

equal velocity and bouRdary-layer 
thickness, multiplied by

the wetted wall fraction:

C,, AI CV Pt V,(

= AT 2(1 + r.)

where C~ fis the skin friction coefficient 
for liquid at a

Reynolds number of

R6 = P , V a

R PI

For a 1/7-power profile, the velOcity 
thickness,

727

A convenient relation for 
Cf as a function of R6 is the

Shultz-Grunow relation which 
can be written

0.208Cfz ( 1og 1 R& 0.425) = 
584

ComDar4son of Eqs (40) and (42) shows that Cz can be

written ,b
Cf T7 1

Thus, the final form of the boundary-layer 
momentum

equation is c &A
a= -*fqi. \L 7V -V + y
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Let V be the mean velocity of the flow including the

boundary layer. Then, from Eq. (39),

AiV M= ihtV - 2rypfV29

Hence, employing Eq. (38), the mean exit velocity includ-

ing the boundary layer is

A)

By the definition of the displacement thickness, the flow

rate is reduced by the throat displacement thickness 6t tot

D. :40ZZLE THEORY SUMMARY

The preceding equations form the basis for the mathematical

model which is used to predict, based on inlet conditions, the

exit velocity, and temperature of the mixture. These equations

also form the basis for the model which provides the optimum

nozzle shape given a set of inlet conditions. Some additional

relationships are, however, required. These are:

1. ?hase properties - to establish the mass ratio, mass

flow rate ratio of gas to liquid, and the thermal

conductivity of the mixture.
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2. Liquid drop drag coefficients.

3. The liquid drop heat transfer coefficients.

4. Boundary layer momentum thickness and displacement

thickness.

5. Skin friction coefficient.

These five additional relationships are developed in detail

in Reference [1].

4
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III. COMPUTER PROGRAM DUAL-PHASE NOZZLE

The computer program employed in this study is based on

a program developed by Dr. G. Elliott of the Jet Propulsion

Laboratory in Pasadena, California. The program was updated

and converted for use on the Naval Postgraduate School

comDuter. The Dual-Phase Two-Component program employs the

theory in Section II. The program is written in Fortran

computer language and can be compiled using a Watfiv or For-

tran 7V compiler.

T his program has been utilized in dual-7hase nozzle

analysis and to provide values for comparison with the ex-

perimental results. To use the computer program the inlet

conditions have to be specified. The flow conditions are:

inlet pressure; mass ratio; inlet temperature of the gas and

liquid; inlet velocity of the gas and liquid; total mass flow

rate; and nozzle exit pressure. Section iII 3, shows soeci-

fied details for data input.

The .re are two options that can be chosen. The first is

prescribed pressure-versus-distance option MOP=O. The ores-

sure profile ?(X) is selected corresponding to the adopted

nozzle contour. If the pressure-versus-distance is used a

P(X) input table is required. This profile is developed

from the actual measured pressure values in the experiments.
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(See Appendix A for sample program.) The second option con-

sist of an optimum nozzle contour option MOPzl. This option

is useful only when the liquid drop diameter is constant.

The dual-phase two-component computer program is a struc-

tured program with thirteen subroutines controlled by a main

program. This arrangement improved the programming process

through better organization and programming notation.

The control point of the dual-phase two-component com-

puter program is the "main section." It controls the flow

path and operation of all input data, property tables, and

calculations. it accomplishes this by calling the thirteen

subroutines at the appropriate times, saving wanted data

in files, and printing out desired information.

One of the most important subroutines which inputs in-

formation is the "INTRP" subroutines. INTRP controls the

property table inputs. It reads in four two-dimensional

tables and fourteen one-dimensional tables. These inputs

are the properties of the gas and liquid phases of both

comoonents of the flow in the nozzle. The subroutine writes

-he values of these tables into a file and retrieves appro-

oriate values from that file. INTRp can also interpolate

-or values used throughout the entire program.

inout of case data is controlled by subroutine "Sect I."

:dentification information and case heading information is

read and printed for each instance. Sect I also olaces the

pressure vs. distance profile, if specified, in an array.
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"Sect 2" through "Sect 6" are the subroutines which cal-

culates the flow data. Sect 2 sets the initial conditions

indicated in the input, and begins the iterations. Sect 3

computes initial flow rates of both components; the initial

area of the nozzle; slip velocity; mean free stream velocity;

and slip friction. Sect 4 computes the changes in flow par-

ameters and new distances. It then bezins to calculate new

conditions such as flow rate, temperature, velocities, sur-

face tensicn and mean area. Sect 5 is the binary cut con-

vergence routine and computes mean boundary-layer parameters.

If a problem is diagnosed in any subroutines and "diagno"

is called, it will p, nt all output parameters calculated to

that point. It also d6es the same if there is a convergence

problem.

There are two subroutines that output calculated data,

subroutine "Write" and subroutine "Output." Subroutine

"Write" will send output information to the printer for a

hard paper copy. Subroutine "Output" reads and stores the

cut-ut on a file.

The two-chase two-component program has been written

with comment statements in the text of the program. These

will allow for a more understandable and, therefore, a more

easily modified program. For specific details on the content

of these subroutines, see Appendix M.

The dual-phase ;.zzle program was tested for correct

output. Sample data and results were obtained from
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Dr. David Elliott, were inputted into the program, and

executed. The output was compared to the sample data. The

program produced duplicate results.

The program begins by storing fluid property tables and

reading in all input data. All nozzle inlet conditions are

computed. The program then proceedshalf a pressure step at

a time. At the middle of each pressure interval, the changes

in quantities across the interval are computed using the pro-

perties interpolated from the table for that pressure, and

for the existing temperature. The change in slip is found

if the oressure profile P(X) is specified. At the end of

each pressure step, the flow conditions are updated and

initial conditions are determined for the next step. The

ropsize is reduced at the point when the Weber number ex-

ceeds six. The flow conditions arg printed if the pressure

is one selected for output. The computation continues until

the last pressure step has been completed and flow conditions

3t the smallest flow area encountered are printed as the

throat conditions.

A. ?ROERTY TABLES

Heat capacity of component "A" vapor in BTU/L3M-R

is a function of temperature and pressure. The two-dimen-

s inal tables are entered row-wise. At least two cards are

necessary to specify a row and at least two rows must be

entered.
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Card .: (format 6E12.6)

cols.

1-12 temperature (R)

13-24-1.0 if this is the last temp for

this table

Card 2: (format 6E12.6)

cols.

1-12 pressure (psi)

13-24 heat capacity (BTU/LBM-R)

25-36 pressure (psi)

37-48 heat capacity (BTU/LBM-R)

49-60 pressure (psi)

61-72 heat capacity (BTU/LBM-R)

The maximum entries of temperature are 35 values. For

each value of temperature, the maximum number of entries of

pressure and heat capacities are 35 values. Each row of this

zable will be terminated with the pressure and heat capacity

5equal to 10 . These two values are not counted in the maxi-

mum of 35 entries/rows allowed.

The program shown in Appendix B can be used to determine

the values of heat capacities. The program structures its

output in the format needed for the table input. It uses

input data obtained from Reference 3. The input data must

be placed in a two-dimensional table. This table is used

in the program to interpolate the values needed for output.

Input data must be formatted as follows:
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Card 1-16 (format 1OF7.4)

cols.

1-7 temperature (R)

at this temp the following is entered:

8-14 heat capacity at .01 P

15-21 heat capacity at .4 Pa

22-28 heat capacity at .7 Pa

29-35 heat capacity at 1.0 Pa

34-42 heat capacity at 4.0 Pa

43-49 heat capacity at 7.0 Pa

50-56 heat capacity at 10.0 Pa

57-63 heat capacity at 40.0 Pa

64-70 heat capacity at 70.0 Pa

The temperature must be entered with

increasing value.

2. Heat capacity of component "B" gas, BTU/LBM-R is a

function of temperature and pressure. This two-dimensional

table has the same format as part Al above.

3. Molecular weight of component "A" vapor is a func-

tion of temperature and pressure. The two-dimensional

tables are entered row-wise. At least two cards are neces-

sary to specify a row and at least two rows must be entered.

Card 1: (format 6E12.6)

cols.

1-12 temperature (R)
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13-24=1.0 if this is the last temp for

this table

Card 2: (format 6E12.6)

cols.

1-12 pressure (psi)

13-24 molecular weight

25-36 pressure (psi)

37-48 molecular weight

49-60 pressure (psi)

61-72 molecular weight

The maximum number entries of temperature are 35 values.

For each value of temperature, the maximum entries of pres-

sure and molecular weight are 35 values. Each row of this

table will be terminated with the pressure and molecular

5weight equal to 10 . These two values are not counted in

the maximum of 35 entries/rows allowed.

The program shown in Appendix C can be used to deter-

mine the values of molecular weight. The program formats

its output in the format needed for the table input of

the two-component two-phase computer program. It uses

input data obtained from Reference 3. The input data

must be placed in a two-dimensional table. This table

is used in the program to interpolate the values needed

for output. The program used in Figure 8 can only be used

with ideal gases. Input data must be formatted as follows:
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Card 1-16 (format 1OF7.4)

cols.

1-7 temperature (R)

at this temp the following is entered:

8-14 density at .01 P

15-21 density at .4 Pa

22-28 density at .7 Pa

29-35 density at 1.0 Pa

34-42 density at 4.0 Pa

43-49 density at 7.0 Pa

50-56 density at 10.2 Pa

57-63 density at 40.0 Pa

64-70 density at 70.0 Pa

The temperatures must be entered with

increasing value.

4. Molecular weight of component "B" gas is a function

of temperature and pressure. This two-dimensional table

has the same format as part A3 above.

5. There are fourteen one-dimensional tables. The

one-dimensional tables are entered in the following format

(for Z(7)):

Card 1: (format 6E12.6)

cols.

1-12 Ti-2, oR

13-24 Ti-2

loom



25-36 Ti-1 2 < i < 50

37-48 Zi-01

49-60 Ti

61-72 Zi and Tj-l < Tj for 2 < j < 50

Each table is terminated by two consecutive entries of

10 , i.e., Tk Zk E 105 (l.0E5 right adjusted in the field).

The fourteen one-dimensional tables are (in order requested):

1. CAL(T) heat capacity of component A liquid,

BTU/LBM oR

2. CBL(T) heat capacity of component B liquid,

BTU/LBM oR

3. LA(T) latent heat of vaporization for com-

ponent A, BTU/LBM

4. LB(T) latent heat of vaporization for com-

ponent B, BTU/LBM

5. ?BO(T) vapor pressure of component B

6. ROAL(T) density of liquid component A,

LBM/FT3

7. ROBL(T) density of liquid component B,

LBM/FT3

3. KAG(T) thermal conductivity of component

A gas, BTU/FT HR oR

9. KBG(T) thermal conductivity of component

B gas, BTU/FT HR oR
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10. VIAL(T) viscosity of liquid component A,

LBM/FT HR

11. V!BL(T) viscosity of liquid component B,

LBM/FT HR

12. VIAG(T) viscosity of gas component A,

LBM/FT HR

13. VIBG(T) viscosity of gas component B,

LBM/FT HR

14. SIG(T) surface tension of liquid component

B, DYNE/CM

Appendix D gives sample property table for input.

2. CASE INPUT

A blank card must separate the property table from the

data set decks following.

Card 1: (format 4A4, A2, 3A4, 7A4, A32, 216)

cols.

1-13 date

19-30 case number, may be any

alphanumeric 2ata

31-60 identification

61-66 NS, number of oressure steps per

printout

(right justified integer).* Use -l if new

property tables follows.

57-72 NP, number of printouts (right

justified)
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Card 2: (All integers right justified in field)

(format 1116)

cols.

1-6 MBU, =0 constant droplet size, =1 drop

breakup

7-12 MOP, =0 X(P) table to be supplied, =1

X(P) is to be optimized

13-18 MGEC, =0 circular, =1 annular

19-24 NDS, maximum number of S iterations

25-30 NSO, maximum number of So iterations

31-36 NB, maximum number of TB iterations

37-42 NNS, first setting of step counter

Card 3: (format 5E12.6)

cols.

1-12 DP, pressure step size, negative for

decreasing, psi

13-24 RC, mass flow ratio

25-36 PHI, angle of annular nozzle axis, deg

37-43 RAX0, annular nozzle axis, in.

49-60 EMT, total flow rate *P final = PO +

(NS *N-N 'S-1)P+l

Card 4: (format 3E12.6)

cols.

1-12 H, inverse 'Henry's Law constant, psi

13-24 ALAM, Lagrangian mu ltilier



25-26 DPL, first pressure step size

37-48 WAL, molecular weight of liquid a

49-0 WBL, molecular weight of liquid b

61-72 SA, Sutherland constant for component

A, oR

Card 5: (format 6E12.6)

cols.

1-12 SB, Sutherland constant for component

B, oR

13-24 DO, initial drop diameter, in.

25-36 PO, initial pressure, psia

37-48 TGO, initial gas temperature, oR

49-60 TLO, initial liquid tempeature, oR

61-72 VGO, initial gas velocity, FT/S

Card 6: (format 6E12.6)

cols.

1-12 VLO, Initial liquid velocity, FT/S

13-24 THOO, initial momentum thickness cf

outer wall boundary layer, in.

25-36 THIO, initial momentum thickness of

inner wall boundary layer, In.

37-48 EDS, convergence criterion for S

49-60 ESO, convergence criterion for So

51-72 EB, convergence criterion for T, oR

if MOP=0, the following cards are present:

in 10 Card 7: (format 7A4, A2) cols.
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1-30 X(P) table identification (and

alphanumeric data).

Card 8: (format 6E12.6)

cols.

1-12 pressure, pi-2, psia

13-24 distance, xi-2, in.

25-36 pressure, pi-i 3 i< i < 75

37-48 distance, xi-!

49-60 pressure, pi

61-72 distance, xi

The last two entries are l.0ES and !.0E5 right adjusted

in their fields. The table must be monotonic increasing or

decreasing. New property tables may be used by putting -1

in cols. 61-66 of Card 1, and following this with new

property tables and data sets. Appendix E is a sample

input data.

C. OUTPUT

For each case, the case identification is printed followed

by the input parameters. If MOP=O, the X(P) table forms a

part of this output. The following output then appears.

i. X distance, in.

2. P pressure, psia

3. R mass flow ratio

4. vb mean free-stream velocity, ft/s

5. a flow area, in. 2
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6. tb gas temperature, or

7. t! liquid temperature, or

8. vg gas velocity, ft/s

9. vl liquid velocity, ft/s

10. vs slip velocity vg-vl, ft/s

11. s slip fraction vs/vb

12. d drop diameter, in.

13. rv ratio of gas volume flow to liquid volume flow

14. ra ratio of gas flow area to liquid flow area

15. alpha mass fraction of component a dissolved in

liquid

16. beta mass fraction of component b vapor in gas

17. mg gas flow rate, Ibm/s

18. ml liquid flow rate, lbm/s

19. rog gas density, ibm/ft3

20. rol liquid density, lbm/ft3

21. wag molecular weight of component a gas

22. wbg molecular weight of component b gas

23. wg mean molecular weight of gas

24. pa partial pressure of component a, psia

25. pb partial pressure of component 1, psia

26. ia latent heat of vaporization of component a,

btu/lbm

27. lb latent heat of vazorization of component b,

btu/!bm
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28. sigma liquid surface tension, dyne/cm

29. cgm specific heat of gas (at midpoint of pressure

step), btu/lbm of

30. clm specific heat of liquid, btu/lbm of

31. vigm viscosity of liquid, ibm/ft hr

32. vilm viscosity of gas, ibm/ft hr

33. kgm thermal conductivity of gas, btu/hr ft of

34. rem reynolds number of flow over drops

35. cdm drag coefficient of drops

36. hm heat transfer coefficient of drops,

btu/hr ft2

37. rb mass flow ratio after velocity and temperature

equalization

38. ab flow area after equalization, in. 2

39. tb temperature after equalization, or

40. rvb volume flow ratio after equalization

41. alphb alpha after equalization

42. betab beta after equalization

43. mgb gas flow rate after equalization, Ibm/s

u4. mlb liquid flow rate after equalization, ibm/s

45. vilb liquid viscosity after equalization,

Ibm/ft hr

46. rogb gas density after equalization, lbm/ft3

47. rolb liquid density after equalization, lbm/ft3

48. wagb molecular weight of component a gas after

equalization
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49. wbgb molecular weight of component b gas after

equalization

50. wgb mean molecular weight of gas after equalization

51. pab partial pressure of component a gas after

equalization, psia

52. pbb partial pressure of component b gas after

equalization, psia

53. g separator friction parameter

54. ref separator film reynolds number

55. yo distance from nozzle axis to outer wall, in.

56. wom angle of outer wall relative to axis, deg

57. tho momentum thickness of outer boundary layer, in.

58. delo velocity thickness of outer boundary layer, in.

59. delso displacement thickness of outer boundary layer,

in.

60. redom reynolds number of outer boundary layer

61. cfom skin friction coefficient of outer boundary

layer

62 twom shear stress on outer wall, psi

63. vbd mean velocity including boundary layer, ft/s

64. wim angle of inner wall relative to axis, deg

65. thi momentum thickness of inner boundary layer, in.

66. deli velocity thickness of inner boundary layer, in.

67. delsi displacement thickness of inner boundary

layer, in.
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68. redim reynolds number of inner boundary 
layer

69. cfim skin friction coefficient of inner 
boundary

layer

70. twin shear stress on inner wall, psi

71. nna number of iterations required to 
optimize X(P)

72. nis number of iterations required to 
converge cn

S or so

73. nib number of iterations required to 
converge on

tb
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IV. EXPERIMENTAL SYSTEM

The experimental system can be grouped into three sub-

systems. These are:

a) nozzle

b) air supply system

c) liquid injection system

Each subsystem is described in the following sections.

Figure 11 is an overall system schematic.

A. NOZZLE

The nozzle has a convergent-divergent flow passage. 7t

is 12 inches long with a variable exit area. The exit area

can be varied from .45313 square inches to .84375 square

inches. The pivot point is located 1 inch above the throat.

This causes the throat to vary when the exit is varied.

Since the change in the throat is negligible, it will be con-

sidered :o be constant. It has a throat area of .45 square

inches. The inlet area is 1.625 square inches. The throat

is located 4 inches from the inlet. The nozzle is constructed

by sandwiching two 1/2 inche thick machined aluminum nozzle

profile plates between 1/2 inch plexiglas plates (Fig. 12).

The aluminum nozzle plates are located at the end of a 30

inch long entry section and are easily adjustable. Figure

13 shows a close up of the aluminum section of the nozzle.
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The inlet section provides the necessary space for pressure

taps, liquid injection tubes, and other instrumentation and

configuration options.

B. AIR SYSTEM

The air system is shown in Figure 14. Two 117 cubic

feet tanks supplied with compressed air from an Ingersol

Rand two-stage air compressor provides the air storage vol-

ume required to support the nozzle's operation. Each stor-

age tank has a pneumatically control Norgren gate valve at

its exit. These valves are opE'ated by a nitrogen actuator

and controlled by a pressure regulator. The nitrogen is

regulated to 40 psi control pressure which will open the

Norgren valve.

The nozzle is supplied with air via a 3" i.d. pipe. The

air supply to the nozzle is controlled by a solenoid actuated

nitrogen operated 3 inch ball valve. The nitrogen is sup-

plied via a regulator. By varying the nitrogen supply pres-

sure to the ball valve, supply air pressure to the nozzle

can be controlled. Air flow to the nozzle is measured with

a standard ASME orifice plate. Figure 15 shows the dimen-

sions of the orifice. The orifice is a model D-10512 with

a 0.92C inch bore.

.IQUID INJECTION SYSTEM

The liquid injection system, Figure 16, is supplied by

house water and is further pressurized by an Aurora electric
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pump model/type 317696. The pump is rated at 50 gallons per

min. The pump supplies pressurized water to the injection

tube via two flowmeters (rotometers). The flowmeters are

F&P co. pzecision bore flowrator tubes. One rotometer is

rated at 1 to 12 gallons per min. and the other at .6 gallons

per min.

The liquid injector is a 0.25 inch brass tube inserted

in the 3" i.d. air supply pipe just upstream of the flange

connection to the test section. The injector tube is drilled

with sixteen 1/16th inch diameter holes facing the test sec-

tion entrance. The drilled holes were made as small as

possible consistent with achieving a significant liquid

mass flow rate.
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V. INSTRUMENTATION SYSTEM

The instrumentation system is designed for automated data

acquisition, analysis, and display. A schematic is depicted

in Figure 17. Where ever possible, test operations and

sequencing are under direct computer control. Each parameter

measured involves an appropriate transducer, excitation source,

and calibration procedure. The major instrumentation sub-

systems are:

(A) Pressure Measuring Transducers

(B) Nozzle Thrust Force Block

(C) Flow Measurement Devices

(D) Data Acquisition/Control System

A. PRESSURE MEASURING TRANSDUCERS

Pressure measurements are made in fourteen locations

throughout the experimental apparatus. Eleven Micro switch

140PC pressure transducers model PK 87633 are placed on the

nozzle assembly to measure pressure at various axial posi-

zions. pecifications for this model transducer are shown in

Figure 13. The first pressure tap is located at one half

inch from the inlet along the axis of the nozzle. The

remainder are placed at one inch intervals toward the

nozzle exit. These pressure taps are connected to the

pressure transducers via a 1/4" o.d. plastic tubing. The
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pressure transducers are mounted on the side panel of the

nozzle. See Figure 19 for locations. Each transducer has

an identification letter corresponding to its position.

Table I is the ID code for the transducers.

At the nozzle inlet a Micro Switch 200PC pressure trans-

ducer model PK 87690 is placein the inlet line to measure

the dual-phase mixture inlet pressure. Specifications for

this model transducers are shown in Figure 19. Gas supply

pressure is measured using a 200PC pressure transducer

located at the orifice outlet. This transducer is also

used to help measure differential pressure across the ori-

fice. Another 200PC transducer is placed at the inlet of

the orifice. The data acquisition program calculates the

orifice differential pressure and then the air mass rate

using the output from the above two transducers.

The pressure transducers provide output voltage propor-

tional to applied pressure. These operate from a single,

positive supply voltage ranging from 8 to 20 VDC. The

supply voltage was maintained at 15VDC.

Each pressure transducer sends back a signal proportional

to the input pressure. The signal is converted in the A/D

converter to a digital signal which can be read by the HP9826.

The pressure transducers were calibrated using a known pres-

sure source. Appendix F depicts a sample calibration pro-

gram written for a HP9826 computer. This program reads ten
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Table I. ID Code for Instrumentation

Letter Designation Description

A 10.5" from inlet

B 9.5" from inlet

C 8.5" from inlet

D 7.5" from inlet

E 6.5" from inlet

F 5.5" from inlet

G 4.5" from inlet

H 3.5" from inlet

I 2.5" from inlet

J 1.5" from inlet

K 0.5" from inlet

L inlet nozzle pressure

M force-block signal

SN force-block excitation voltage

0 orifice exit pressure

P orifice inlet pressure
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Pressure - A + B(volts) + C(volts) 2 + 0(volts)
3

pressure
transducer A 8 C 0

A -6.049 3.926 -.17336 .01121

8 -7.059 4.234 -.22921 .01415

C -.6491 3.934 -.16025 .0094S

0 -7.056 4.692 -.34118 .01898

E -7.009 4.152 -.20717 .01237

F -6.389 3.933 -.16055 .00951

G -6.589 3.956 -.16427 .00961

H -6.588 3.908 -.15806 .00942

I -6.595 3.949 -. T6270 .00957

1 -6.353 3.927 -.]6509 .00998

K -6.203 3.846 -.14697 .00880

L -20.207 11.157 -.08591 .00492

0 -20.668 11.068 -.07562 .01118

P -18.827 11.928 -.17715 .01101

Figure 20. List of Polynomial Coefficients

for Pressure Transducer
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values of pressure for each 140PC transducer and gives the

mean and standard deviation for each from 0 to 45 psi in 5

psi increments. Appendix G depicts sample output of the

program for a given pressure. Appendix H illustrates the

program used to calibrate the 200PC pressure transducers.

The program works as above, except values are taken from 0

to 60 psi at 5 psi increments.

Data obtained during calibration source pressure is

plotted for each pressure transducer (Appendix I). Each

plot was curve fitted with a third order polynomial. Figure

20 shows coefficients of the polynomial. These polynomials

are used in the data acquisition/control program to convert

transducer readings to pressure readings.

B. NOZZLE THRUST FORCE-BLOCK

The thrust produced by the nozzle was employed to deduce

the nozzle exit velocities. The thrust was measured by in-

strumenting a target plate in the exit flow field. Appro-

priate screens were installed to prevent liquid "bounce

back." The jet momentum force on the target is acquired by

a balance beam system shown in Figure 21. A Kistler-Morse

force block provides an analog signal proportional to the

nozzle jet momentum.

The calibration of the force-block was completed by

placing known weights on the force-block side of the balance
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beam, (Figure 21), and recording the voltage produced.

Appendix J shows results of this calibration. These results

were curve fitted with a third order polynomial. The follow-

ing is the volt-to-force conversion polynomial:

FB z (1/453.6)*(-234.396+48715.28*VOLTS-II261.54*VOLTS+33899.3*VOLTS)

FN = FB*LB/LN

FN = FORCE AT NOZZLE EXIT (LBF)

FB = FORCE AT FORCE BLOCK (LBS)

LB = LENGTH FROM PIVOT TO FORCE BLOCK(IN.)

LN = LENGTH FROM PIVOT TO DIRECTIONAL OBSTRUCTION(IN.)

C. FLOW MEASUREMENT

1. Air mass flow measurement for the system achieved

by measuring the inlet and outlet pressure on a D-10512 ori-

fice with a 0.92 inch bore. For details on orifice see

Section IIi. Air flow is calculated in the data acqui-

sition program. The program uses the following equation

obtained from References 4 and 5.

air = K A2 Y c2G pI(PlP2) where

K CE

1/ 3(13 4 1/2

= d/D

C 0.60

A2 AREA OF ORIFICE =D 2 F, T2
4
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G = 32.2 FT/SFC2C

Pi = DENSITY LBM/FT3

P1 = PRESSURE AT INLET IN LBF/FT2

P2 = PRESSURE AT LUTLET IN LBF/FT2

M air AIR MASS FLOW RATE LBM/SEC

The discharge coefficient C is the factor that accounts

for losses through the orifice. Since the values of C varies

from .52 to .60 for Rd number from 104 to 107 with B = .3,

C will be considered constant.

2. Water flow measurement was made using two rotometers.

Calibration of the rotometers were made by measuring the

7ime for a given weight of fluid flow. The mass flow rate

was calculated and plotted versus the rotometer reading.

Appendix K is the plot of the results. The plot was curve

fitted with a third order polynomial. The following is

that polynomial:

vh20 = -. 0063268+.302097278*RR-.00000658*RR2 +.1XI0*RR
2

where RR = rotometer reading

D. DATA ACQUISITION/CONTROL SYSTEM

The heart of the data acquisition system is a HP9926

small computer. The HP9826 communicates via a Hewlett

Packard 3497A data acquisition/control system. This system

gathers data from the pressure transducers and nozzle thrust

force-block. It converts the analog signal to digital data,

and stores the data in memory. Figure 22 shows a pressure

transducer to A/D converter channel connection, and Figure 23
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the force-block to A/D converter channel connection. Figure

24 depicts the current connection to the data acquisition/

control system bus from the sensors.

The data acquisition and analysis program is a fully

automated system which integrates the use of the HP9826,

HP3497A, and all sensor devices. The program can be divided

into three sections:

1. Data Accuisition - Data is acquired from 15 differ-

ent sensor devices. All system parameters are ini-

tialized and configuration types are inputted into

the computer memory for future use. Ten readings

are made on each sensor and a mean value for each

is calculated and stored in memory.

2. Data Conversion - input data conversion is completed

by using calibration information obtained on each

pressure transducer and force-block. The program

takes the stored mean values from memory, and

converts the input voltage to a pressure or force

using the third order calibration polynomial for

each sensor.

3. Data Analysis - This is the heart of the program

in that all performance parameters are calculated

and printed. It uses all of the above information

to calculate mass flow rate of water, mass flow

rate of air, total mass flow rate, thrust, mixture

.3



ratio, exit velocity and all pressure informa-

tion. The following equations are also used:

Exit Velocity = (Thrust/Total Mass Flow Rate)* g (ft/sec)

Mixture Ratio = iater/ air

Total Mass Flow Rate =wt + i r sibmwater air sec
Appendix L is the data acquisition program and

sample output.

84



VI. EXPERIMENTAL RESULTS

Six test runs were made using the equipment described in

the previous sections. It was found that the inlet pressure

to the nozzle remained nearly constant for each setting.

The testing was conducted by maintaining a constant air

control valve setting and varying the mass flow rate of

water. The regulator outlet pressure of the nitrogen bottle

which controls the air valve was set at 30 psi and 15 psi.

These settings correspond to nozzle inlet pressure of 35 +

1.0 psi and 29 ± 1.0 psi respectively. For each nozzle in-

let pressure, experimental data was obtained at varying

mass ratios of water-to-air in the range of 2 to 13. These

experiments were conducted with three discharge area ratios

(Ainlet/Aout). Those ratios are: 3.586, 2.000, and

1.9259. The results of the six experimental tests are dis-

played in Tables II through VII.

inlet air was limited to a maximum value of 40 psi.

The 140PC pressure transducer's maximum output pressure is

u0 psi, (see information on !40PC transducer Figure 21).

The experimental system has the ability to reach higher

pressures. The present configuration may be operated to

'0 psig.
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VII. DISCUSSION

The results of this investigation are in two parts; the

experimental test results and the computer outputs based on

initial conditions similar to those of the experiments.

The key variables are: the nozzle overall area ratio

A., licuid/air mass flow ratio, nozzle exit velocity, nozzle

supply pressure, nozzle thrust, and the nozzle axial pres-

sure profiles. Figures 25 through 34 present the exit vel-

ocity vs. mass ratio results for the experiment and computer

output. Figure 29-34 illustrates the comparison of the ex-

perimental results and the corresponding computer output.

Figure 35 illustrates the variation of nozzle thrust with

mass ratio for different area ratios and inlet pressures.

Figures 36 and 37 present the axial pressure profiles.

In all cases the exit plane velocity decreases as the

liquid/air mass ratio is increased. In the low mass ratio

range (i.e., less than 5) the velocity decrease is very

pronounced. Past a mass ratio value of Z 10 the velocity

of the mixture becomes relatively insensitive to the mixture

ratio. This is as would be expected. For the same inlet

conditions there is a fl.xed amount of energy available for

conversion to its kinetic form. In the nozzle process the

energy is conserved and thus an increasing mass ratio is
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manifested in a decreasing exit plane velocity. In all cases

the agreement between the experimental tests and the analytic

predictions are with in Z 10%.

There also was apparent and a consistent trend with re-

spect to the nozzle area ratio and the exit velocity. As

the nozzle exit area was increased the exit velocity of the

mixture decreased. The effect seems to be more pronounced

at the lower mass ratios. This trend was confirmed by ob-

servations of the actual flow field in the nozzle. If the

exit area was increased significantly (beyond the max area

used in those tests) there was evident an abrupt and severe

separation within the diverging portion of the nozzle

passage. This was accompanied by a drastic decrease in

exit velocity as evidenced by the output from the thrust

target. It appears that the diverging portion of the

nozzle, at a certain > int, starts to behave as a subsonic

diffuser and hence experiences an adverse pressure gradient.

This reasoning is in part confirmed by the pressure profiles

identified in Figures 36 and 37.

The relationship between measured thrust and mass ratio

(Figure 35) indicates a slightly increasing trend. This may

be explained by considering the following. Each set of data

points (at constant inlet air pressure and constant nozzle

exit area) is developed by varying the mass ratio. This,

in turn, is achieved by increasing the liquid rate by in-

creasing the liquid supply pressure. The net result is an
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increase in the liquid inlet velocity or an increase in the

inlet energy level. Thus a particular data set is not truly

at a constant inlet energy level but is increasing.

Perhaps the major discrepancy between the experimental

test results and the computer analytic model is evidenced

in the axial pressure profiles of Figures 36 and 37. It is

clearly evident that at a certain Doint the nozzle passage

reverts from a nozzle to a diffuser. This transition point

occurs slightly downstream of the throat and the pressure

starts to increase.

Unfortunately the computer analytic model requires a

pressure profile as an input. Furthermore the pressure pro-

file must be continuously decreasing. Thus the profile as

obtained from the experiment are not directly useable. The

situation is examined with the aid of Figure 38. Curve A is

a typical axial pressure distribution as obtained from the

experiment. Curve B is a pressure distribution used by

Elliott in the application of his computer program. Pressure

profiles C and D were a bitrarily defined and the exit plane

velocity for each was calculated. Velocity variation in the

range of I' is evident. 1t appears that the final exit

velocity is relatively insensitive to the actual pressure

profile in the nozzle.

In light of the preceeding difficulty of matching the

experimental pressure profile to the comouter model and the

94



7 AD-A125 730 DUAL-PHASI NO ZZLE FLOVIU) NAVAL POSIOAUAI SCHOOL ~ /
MONTEREY CA I C NOLLIE OCT 62

UN~CLASSIFIED FIG 13/10 NL

MNOMONEE-NEEEl
Ehhmhhhhhhhh..



*'. 2 140°

11.25 I5II B 1 .-6

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF STANDARDS-1963 -A

- -"



apparent flexibility of the type of pressure profile it was

decided to employ a form of profile D of Figure 38. Thus

instead of using the actual experimental pressure data as

an input in the computer model, a profile resembling curve

D was developed for each inlet pressure case.

It is apparent that within certain rather wide limits

the Elliott computer model yields results that correspond

within 10% to results obtained from the experiment. The

general trends have been confirmed and their behavior has

revealed nothing unexpected. The conclusion of Elliott

[Ref. 1] has been largely substantiated. "It is very

difficult to design a bad or a good dual-phase nozzle."
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MASS RATIO VS. EXIT VELOCITY
X pressure = 35+ 1.5

Experimental
+-- Ar =1.9258
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X-SCALE-2.OOE+00 UNITS INCH.
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Figure 25. Mass Ratio vs. Exit Velocity at
Pressure = 35±!.5psi Experimental
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MASS RATIO VS. EXIT VELOCITY

Pressure= 29+ 1.5

Experimental

+ -Ar = 1.9258
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Figure 26. Mass Ratio vs. Exit Velocity at
Pressure = 29+!.Spsi Experimental
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MASS RATIO VS. EXIT VELOCITY
Pressure = 35 + 1.5
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Figure 27. Mass Ratio vs. Exit Velocity at
?ressure = 35+l.5psi Theoretical
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MASS RATIO VS. EXIT VELOCITY
Pressure = 29 + 1.5
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Pressure =29±!.5psi Theoretical
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PM RATIO VS. EXIT VELOCITY
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Figure 31. Mass Ratio vs. Exit Velocity at
Pressure = 35+1.5psi Area =.62500
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PRESSURE VS. DISTANCE
Ar =2.6000
pressure =29+ 1.5
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Figure 36. Pressure vs. Distance at Pressure
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PRESSURE VS. DISTANCE
+ + x inlet pressure =35+ 1.5+

R=7.5
+ -- Ar =3.5860

x -- A =2.6000r
3-- A =1.9258

r

Ix

x + x
+ x

I

uca ace ace am uoil art-

Distance(inches)
X-SCSLE=2.OOE#0O UNITS INCH.
T-SCAL£m5.O00 O UNITS INCH.

Figure 37. Pressure vs. Distance at
R £ 7.5 p 35psi1.5
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VIII. CONCLUSION

A set of experiments were conducted with an air-water

mixture flowing at a mass ratio from 2 to 13. The experi-

ments correlated well with a dual-phase two-component

computer program. It appears that the program will permit

prediction of the exit velocities to an accuracy of 10%

for two-phase nozzles. At small nozzle area ratios, accu-

racies between theoretical and experimental are better;

approximately 5%. All predicted velocities are higher

than measured experimental values due to estimation of the

drop size and the initial kinetic energy of the liquid at

injection point.

it would be desirable to develop a drop size subroutine

to better estimate varying drop size. The experimental

system can be improved by velocity measurement devices at

the inlet. Input of the gas and liquid velocities are

necessary in the dual-phase two-component program and thus

these measurement devices are vital for better accuracy.

Due to the insensitivity of the pressure distribution,

it appears that any reasonable approximation to the pressure

profile can be employed in the two-phase two-component flow

program. For a given nozzle exit area and inlet pressure,

a pressure distribution curve can be obtained thrcugh the

experimental system. This distribution can therefore be

used to obtain good results.
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APPENDIX I: CALIBRATION PLOT OF PRESSURE TRANSDUCERS
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APPENDIX J: CALIBRATION PLOT FOR FORCE-BLOCK
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.APPENDIX K: CALIBRATION PLOT FOR ROTOMETER
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APPENDIX L: DATA ACQUISITION AND ANALYSIS PROGRAM

3 PRINJT "ltFUT 1 OTOMETER READING"
4 INPUT Rr
S PRINT Rr

7 DIM A(14),B(14),C(14).Dist(14),D(14)
8 DIN Press(14)
10 DIM X(18,lOO).Sum(18),Mean(18),Sum

2 (18)
30 N-10
40 FOR I-1 TO N
so OUTPUT 709;'AI1VT1"
60 ENTER 709:X(I,I)
70 OUTPUT 709:*AI2VT'
80 ENTER 709:X(2,1)
90 OUTPUT 709:"AI3VTI"
100 ENTER 709:X(3.I)
110 OUTPUT 709:"AI4VT1"
120 ENTER 709:X(4,I)
130 OUTPUT 709:"AISVT1"
140 ENTER 709:X(5,I)
ISO OUTPUT 709;"AISVT1"
160 ENTER 709;X(6,I)
170 OUTPUT 709;*AI7VTI"
180 ENTER 709:X(7,I)
190 OUTPUT 709;"AI8VT1
200 ENTER 709:X(8,I)
210 OUTPUT 709;WAI9VT1"
220 ENTER 709:X(9.I)
230 OUTPUT 709:"AIIOVT1I
240 ENTER 709:X(10.I)
250 OUTPUT 709;'AI1IVT1

"

260 ENTER 709:X(III)
261 OUTPUT 709;"AI12VTI"
262 ENTER 709;X(12,I)
263 OUTPUT 709:"AI13VT1)"
264 ENTER 709:X(13.I)
265 OUTPUT 709;"AI14VT1)"
266 ENTER 709:X(14.I)
267 OUTPUT 709:"AIISVTI)"
268 ENTER 709;X(lS,I)
270 NEXT I
440 FOR J-1 TO 16
450 Sum(J) =0
460 FOR 1-1 TO N
470 Sum(J)-Sum(J)+X(J.I)
480 NEXT I
490 Mean(J)-Sum (J)/N

: 610 NEXT J
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APPEND"< M: DUAL-PHjASE TWO-COMPONIENT COMPUTER PROGRAM

C I1T -X " US A 7 ..AV A L ?05, ;RAU A rE SCHIOOL *'A . '1 0
C PRCF. 5~t,( 11I 17 .0 3AZ

C 1II 1813?!f Cfl910'I LLOCK F'O' S'I77'1J7!7 FS TA8 L I k417 Il7 14T7:
C IT 511S T . TIE , S' 00Aj 1 W) BLJCK ;.

CC7IlO3 A i ARV A L"'I U . 1413 Il AL A L, 'if9II 0 A. 1- 1
%LPItS A 14 A P , TA1A s )-,

-1 C *Ci I CA,;l I C 1A OA C. 'AL4B , 'A I 271
ACaG1 *CAL. ' ZASZ Cc-,1 ma ci:. Z'1L43 CL!. 1;4 1)(
Comm~on C711 I cu5" Cl D C,'! F 14 *Fat IUF : 1A ;

b C F(1 IRS L GI3 41 c.. *a C!'I . LII :111 11 1 A:~ 'ii
7 C 1.1S , AV11 9 1) 1)2 , AI 'Af - 1I'1 ll

A! B') * (2.3 DO!.! DM 5115 EL 1 1. ) IALYC 273
9DELS , 5 0 DL LAO n- '1TN 1 1 1- L T L V2 X.A: 'I I 1

COal" 00113 Ar )dAG * D'11GS 0:7I0 0 5!1!('. 1 *A It ' I,
1t: I7s * j3 0 , 1 1,' , 'Alf 1 Is. V.,

v2- 1" 1 :'R' A V E T- L IA 'I AT
3 J A x 31 N A Y 1 :') 23 -7 s~ 2 4.%:

CO SO 573 ., 1 I7 L), T1. 2 * r; A.: PT'I; '4 I'

I.'T 3I.IDQ V DA'22 S OV L3 1.1 :1 fT I IAf
7Dy') If I '* *4 04 4!;2'

9 El! L lL M. LS F! t1>~ A" )

rillfo Ili(3 I A1(1 -*: I;l p :I' L "

3IL 1oP 1) L tALE !1 Ij H 1.1.A
H14; Is !! . I '. L I X

CommSon K2 x .' I'SC, K" ( .L '

1 1.2 *-jfj * I. LL '2 0 *~

%%IIfN lAG 1. -. .%- k'2 .11 13A

'4 P'AS *e81 a 0 'Il p am'( 11 .'' V e
CI .IN 3S2 1!11,% 1 A FiI A Z! 'I '1N0"I

P DLI ?n0 AX 0- ': " A*
7 Ri I4 A i A
a :1 ~ Il . II * *y"' "5 ~ * I I '

R ill *', *' ''I ''3;
COM " p I r N .531 ?;iI'V LE'I "* I . :1 IL S

Il n1 !. "'..LS * 'iL LE
2 1(,3! L n -0 1 L

3 ~ ~~ A 1 * V
1.4 Si* AD1

aoIa :72 A'T T3 7'AY *." ..Zl 7 1

COB1 "T)~ q 7.11 a.L A 117.1
MS 7 -17M j 4. -A j 711

2J 7I AT 1 '' l .3; ) ')

6OBT virm A L . rS Vr:i v .. :;*, : -

6 a w WT'i 401 XX I J I Al" ILIKA':I 1.

I IIT x Pl is IS x II * E I * A i';d



2 ITS1 TO Il OS *z ZZZ * 9111
D[1-1 44; N P L 1)7:

71 ;TC. R,1Y~5

C (f,) *A T42 ) ~A (R I OSR AT- (13:) : MWiRA (1 (I1A~i '
2 1 1100 ,DFA(7) III I11 ,.rl1R

L; 'iA'.~"

I1:) I *,O A

is51 7r,.~)1 Al 5'

nIN 2 l"ATE; "'I1

C 1%7Io i I J7

CAL? T TA00 Q0
CAL 0AA(A.l2 2) 12 1 040

c vnALIZE TAUL' TAP FOLL' tG CA.1 TO Er, AEI BIErO, (0s1-DrHF F1)O$RI
FICLL AIN'2?(Y)IA-0?' I1TA '
100 COATATIE 3C' UIII)rw

CALL CA E 1 I '.1

91CALL IMdTMTf.)7w I I"a

22 CALL 1sI' (VAA20.7 V)
100~r ca '' I.1I

201 IF(C ~ ) '' J',J 117
21IF(' -,II) 1Mi 7'9j.O0 IA' .7

999 CALL DA:- . .
C10 C . C 1411 F 11.1

C ~ I AJ 132 1

102 r1'~t1 4,3 s:1
201 M7" T1.1 ,,711 AI, I91

2123 !Fl~ 119:

C AL --. IA: -7 1 3

2 72 'T 1 7 111
3,1 IF *W;7 i- 1 " 11 ,4021 A1.I~

IIJ5 AIN 1)

501 IF1,7-T- 110 9-41,2 1.1 0412 A;11 I4

1631 1I) 1113' ' 4 m6 02x
CALL iAC, "' Jo1.)1 A4 L')

40 1 1 W. m t) 1I Iq , )9-32 A,.

452 IF4.o"- I I.2:;-l 9 615009q9 .14' 0
70 o. 7! *A.~ 130

CALL SiIIICA' A2 '71

601? (ITT-1 9 111 0 0,02 0I' 10)3

S00 CO TIIUJ MAtN 17)0

'2 CS



CALL DIAGNOC A44 h.Is)~
I V,(mS rmT..l0i '1,1 ca 31 13 A,1 ";)

801 ri(4;7'T-63 1-1: 100J9 , 1 79
C .U r 77r
C LAST CASE JUZ? CO31LETED. PR41? DII? ALL 1'PUT rABL!S :i15
C .AND T'

9
tATT1 PPOCESSrMC.1. f7)

CAILqP rlr A 1R.20,?,2) 4~'
W817~ (6 .9J3a I 'i0

9001 T0PMAT1lii1 11NMi~ATN STATION 1 41 4v
END I'I y4)

SUB'COUTI'4! SECTI 7 C 1j013
COM.ION TZZZA T 2

C THE %BO0VE C14504lI LL)YK TFIAR r'DOirq! ABL! '4.41) I1414C,
C IT IUST BE CI 7il 2 A T CUIAO'4 Dl )CA '

COMMONh A a, &.Aa A LiA A 'LPHA AL-HA XL- Mc.!B 1 ~1 '7,
2 3a L-* k aA ET Am P F r, T ~A S A

3 C C Ao C A~; ,s' c~'0 Z A, CALIS ;I.
0 CBG1 CAL *CAt *z! C3 LN CEn *v ZIL-0 1: 6 F 1 111
COllsoW C01 S : .31' CD *C2:Nl zF ZI Ms l 1

6 C?')S s CC-,0 C C r F S z 1~.I a -1 I 1,
7 CLI 5 ,C'V). vi ,l r I 214 7, F :F : I14

Do D1 E 1)57.1 D E'' I 'I , j2 L04)vl" ", I:. Il
9 DLOS * 1EIZ * 2,LflO * .L2 A t: LT 'ALv 2' i " 6
CORSON D04,3he.8 * 2;G 12sE 1'Lit; '4;5

2 'I A I )4C I y 1) x DS'AI p;II y i.; l1'5 .~ I" ' I

COMM0ON II,,: f)'!1 .1 1 , - II
DT1 V.S *v oV:Q 4v 'L~g I

1.s G Eti *" yI'S
CORRlON ';I h'A (.!,. K';o .2 r C

H LB dI.0 L 0 1 Ul i L A'. I ,A. *

3 t T I IAC. v LJ 11 ,L1 .,

KF I I T'' ic 4. r C

L CT LC T"C 1. 1l;- * *j
9 1s L Fr . 1oI.
9 1 LS40 *AC r AC1' v * *

COMMON y,'4rCAG 0 1: ;1 1. it * ',; *

j4 !I % 1 ,P'CC 1 1.'oa1

coSo() [F' poh P.1. * JA 7 11 I
6 Pt) '

8 RC I J.i~ :) .,13 14 :10 'S *
9 -, 's 'C LI .. 3 1.
COMMONCA r.~) k 'C R a 'I .:,'D . ~' L * "L.. * C (4-

.1 ri 31 ,9 R )ALD ,'A L llL .S
2 -,'3, L CI ON -- L1 ; u
3 v 33 0 5 *
4 3 ;4. Z% In1

7 Op' * ) ,.I, ;0 '5

9 *'. "0-

I TL. *To za L ,s.. *-' :.l '4UJ5AO
2 WI ,, 0S*0 "i 2, I3) S " 193

125 IGO VV 10 G *VGS : IG vIA,, SIwCI6



FILE: 153 FORTRAN &I NAVAL POSTSCADUATS SCH:))L

Car!"O*W VIA LS V!AL V!EG. V~oL3 W'IL *vvI02 * st:I )A7'
6 VIGAS V VILd *Ai VILI VIS VLI VL In 111 13
7 Vt. .. LI I IS V K5 V*, A13 SF* J4-

9 WRI. WIG .4 nc 11 , G

COm"ON di9 (7. wo.Is x I 3 X1 xI V'LK * E1 7
I US4T XPI ,I is x* Y* U-, l~i.)
2 TIS to *10 *O z1 S 1T1T E11I1 ! I~ .)
DIL-!III4l. ~17h

21g11J)I(7511I d),11. (K) 1Z1 11,

2 1~ 11) r1PA 7 '1T ,1 ~l

C 41 ....

.A . K: Itf~ee~p '-0

8477 1 1

2~ CN T;11,E

it 
101

Cul-11113 -- ,F 1 :470

1. 1F(P )P,A
2 
)1116 AFCN it0,m '1 lU2

I1 SEzr, GE ,TI hIX(I , NR. 9 aP CMfRAX ,TT
20IT ab DUi .0 (IS (2 t**'-0*'

.2 '1 215

K.13



FILE: TR3 FORIRAN A I NAVAL POSTOR&DUATE SCH03L

1i 1F(C(LI' 03000.)1804916118 '-'1,440

I K-L 7T 19,19.21 2 i1 442
19 "(1 ;h.: I.'j

13240 CONTINUE i1.'.

GO TO I ;~
9916 X . - 1 . 7 01

c THII5 IS A FIX FOR PUKFSSUBEf tAOLN INTER? AT STEP 51 .14MIR 721'. E,-I

C PRINTOUT T(P) TA3L! JUST READ IN 21Il

lb 1-.,! b:91151 ,1'(1.LTI *LT.L1.L2) 17
1,PL I b F. 17) ( IF (2 LT) ,LT-0.12)

LCT~i' 1',')'*3

13 LI-LI.'4:

c FIC - .)Ib 1C 17 )j

C MAZINUM L14E COUNT MWSEED -START 611 PAGE. '1'

c 17 NRITV. (6,918) LPCCT

LPrCT-'.PGCTf * ,,.

GO %I. 16 .Wl~

C TALELISECER - PRINT E44.40 I ESSAC.E &RD 1 ~11)
c .111 "O K41T CR5?.3 117-I

c Ili171
21 VNITE (6,921) 412 '40

GO o 0 1

22 CONTI4'lE '17

c APPROPPIAT5 ARL7S RIAW? D'EM AP.AD IN 43 REQII. :

136 C -1

7777 z ;rn
404F- UP:A7 p 1R.3. sap F-. , 11. 1 pq ?1 5.,4) SZ~' 1.4-1
913 "1'p~ 4A1&A 2 . 3A" 7I, A2 '221',) 'Z1 '

911 PCI~ 111~ 14-1

911 F'h!A7 hIII -AX L
131 14N5 4-O's::2 40 1 1LO4 /i A

2 ,9X,14A101(/c ix 17'*A! :'11AV I' 4

3 0 1, 7 fs ,2// .111. - . , .! p. O44, u P2Ix . 3 1-31; I4

5 
4

1h.P "/ ) .0. 1(ik 'IL ~ 11i'. 41i?...

'.1212. 34'. ' .: A l414I1,4'jL~,1,' a I' 14.1

4 4"j 5i, A
4 

* 0a 11 T 3 4

9 H Lib I')2IAT 1)O 'l, .I I'P ii I1U'17. T1 N 3.1ITL'UI e" "I1 'I-.I4)

918 MR- 17 11 Z 11 1'2*1//5~IIX 47R~(~Jd

917~~, Fom ',10 .4

99211 .14'. I C IT 4 '2 L~
'121 F4R~ IR.'H (f' N kTAOLI I4SX1'c)3 ~b

9913 P0 A 71 H ) 1I I'l 1.4 //l
9 1  

0 D5l

Ii .. - -- -



I 7A4 A-) ' 71 21')1
8077 FORMAT( IHO. 101,I9HIfS0T#IER3AL FLOW tG *I' 8 b4l PSTA. SE 1~ 11 to

SOBPOUT 9E SECT2 0l
COMMION FZZZAT )
DrMFSIO IZZZAT (112"~)

C Till ABOVE CIr1109 9LOCA P'1P SUlF.OITIEs TABLE A4D tITPP
C IT MUST EE THES FPPT COMMON BLOCK *

COMMON A A 1Z3A 4. 4LAM T 11 A IB *k ALPA ,AL II10 .
I ALPUS ,Aml A As AT , 'A rF2 fl'Q

2 05 dETAS 181 T AM Si. T 1 AS J!''1
3 c * I CA,; I CA ;A a ZA c1. 1 B SL z.1J
4 CBG1 *CAL *CASE * b. a C'4 ; -* U.9 CC * r jIi

Cols9U c') is Z' r .1 CD C 11 z CF'' :1 * F-
6 Cfl9 is Cr;3 *C c 4 C ;; t. CL' 11 ;' 0
7 CL'1S c 3'IE D 01 * -l r)% I
8 DO D E 1.1 '1 DFLI r 1.1 *E
9 F1 TOS DLS * D F'_ 50 CrL:N D 'LT %* - .1

COMMN 0 w-1 AGO 8 DEMAG *Dk.00 r 2'9I
1 ) ULsS I D LIOS 00 aO 1 U ? y AlP * 1

12 De ORO D R * .S I5 S 7 .i;..( C * . . '
I PS1 I 00941 3 S.1 4Y I D'i.AY F- * D4ES I ' Z I '1 3

4 DS. S D OS o* ISX vX I '.H ~ 1 2t;0
COMMNON OT~ 1 D T:!C, * PLI C 9T. V 'r * IL

6 DT 0 UYPsQ ) 0V15 so DYLSD *O
7 nT 79 3 D.CB f * ' 1l
a E.Sr *n~ Ft ( M I " LL-'
9 MIL , 'LS El T F- t. F (i: .
COMMION HI i* .- ' , I 1'i1; !1 (,1 '2

21 ~ IK9 iR'! 411 ". *A I _S
2 f.L!AC I r* L- ,L bl

3- "1ZE 'c i7* AC * 1%
IA sOl K 29 A P K )7L 1

6 K0 R XT3CT *KT' it Kiri Ic xS r
7 L I * L2 * *-~ 1 1.C7' * ' 4'

COMMON ND18 AG 1S, * N~ T 'L S ' ''

2 .'A'O I.C1 JS A,)S
45 PA1 PA'3 'A SI *.

COMMEON -9 -G a', -I "I A ? '"I ?Pi40
6 PL1 23 ill. '2'
7 Z.1 '440'* 1(0 * 'SI * '
'I RC :1 I1'LIM ' LOA31 'nI's F. e'S *
9 ?FRl R IS ? T"I Un Rs i. * ' R, .,)
COMMON 2 HIi G * " s; R 4'-LO RLA 1,"LI Lm5  % L*,Z'17

2 dG}DL MJ "L ' Ii *
3 ? * :IV .:

8 I . . , M 3 ~ * A';

Co.* -i.1114 .l. 1 1;*j 2
Z -UP M 3. 10G2 S 3 i *1

T 7 R T3'1 "T'0Ay 1 8 7 7'
9 Ti3 .',j*
consul F3 - T l0)0 T 10 T* ) K'7

1 TLl13 *T.( *TL L: r
2 r*I 11 S d ,11 TWOMS VI 12, iA q . ''00
3 11Dl IR7'S VON V IO's V il i* i(I)
A 51 rl V0 GO V; v 2 ,:.
CONO111 VALS I 4L *71BG V i .LZa I ~jL v A

6 V19 TI is 111.3 VIl ', LMi J, *I
7 VL V JL1: * JL2 V L; VS, 1. 3 ' .16.8 ~
3 4G. i. *A s * i OAL J ".a * *' *.11 i
9 .11L ;; I WG * .. ; 419'"

1 US T I its' x1 .0 *XIA .1 2 ,"
2 UIS *To * 005 Z 9572 TH..(T S:Ib'o

DIMENSION &L(10) SEC2 0700



OX'U'NSLCN NfSAY(75) 53C29V711

1110.A(7, 00)TPYs C''M

1 ItL3Ul

2 1?F (1! T.T1451 1, 11.S. 3 -L

5 CQ TiNUE

C SET IT!"3TZC11 COUNT ZFRO 'Ali
C

C SET 1'IITTAL CODT-rTrOS INDICATrO4I-
C
C ***.e*e..S?0A?'4.2 l

20 mPp. 1

R F If): I

NN 1033 0 .,'2

c AT~c3')Q.,)11').C ZTIALrZ? 'RIrOUT COUNT 3- 311

C SETulP IPO~'INT hq EN4f 1'(t4T !4tCAIlI.
C ~ NA ZM.F'.£ NY I,) SAtE. E1T 3.2 COMlPUITES .91DP3)N 3.

C 4 1'.! !-.TR- To1y? sTarVnENT 32 COMiPITES1 ZI4D~o19T
C QUATI ..

C

C REs2?1 i rno~v'
C 174r? I - H10A. NO0T '4EhC1ED '*1.C 9THT I TIIECAT f(EACt4eO -.

C

C REET DS ITIPATION C()ONTSI.

CRESET )PZTMR S ITERATION9 COUNTER. . 21

C
C SACESTZr' P FOP FIRST !NTNT TO 30

P- P'-OPI/2.2 .
C
C SE.TUP IZ;ITIAL CONDITIONS

1 01
T LY 1.0h

DSA 1-0.

SEC., 14130



DTHI~)s 0 1.

Till THO !;7rl 40
DPTL~TT- 1;t Ti. 258 14GIOTC 40VE?
D ', 1 , sAI :EM' DLT CO-UE TD .~T )O1? I

13 rifillI) 7 7'

rC th ,J 132 133
I32 AS F? 6E ( 316 10-630

GO 1 230

C

C !J-,""

136~~~~~1 1, b.1.) TMl)T.

GO TO 500 14
C 1'
C CIIECS LTT-, INP'AND T0 , PITl DIANOSIC Pt I F THEY GO117
C ClOSEI P, Xmi0 PR1IN DA A COMUTE TO. THI ?O".F-1
C

13 r iAP5 I 1.2-*B ).0 ) 138, 13813 ' V
138 ~'.1 (b 13l) 3

LL'1ST V
GO TO 5100

139 PAPPO/1.04*P

C

NCL t4FPPio2 11

IF (Nt1 16 1177



51(01)441450,560 FC22l110
6?9 11 o ~

(;0 TO 110'1.5160 P5=fl -p 1 ''<-

L L .5 2 i 1
GO rO S00 71'C2 2220

C 3E.:222
C ZOTRPOLATE 151?O MOLECULAR Wl-IGM? OF COMPONENT A

C GAS TABLE AT TEMPePATU6 ?G.
C

6512 1-3 '7

CALL EBTIFP jAG 6TG.PA)
111 Ff) 114s1, 1411. 1

11412 511T? 46A lb FP(MN),Tf,PA
GO 'TO 50. ')~"

C

IFALL. l4QITPP(615I .TG,PB) 3'''22
1455 LLr6 '
1415 ;D~ITE,1 h I) HT (N 41~~p TG~ "s9

C ''. 4 7i
C COMPUTE iEAN -3LEC9LAR Vw1O55T OF GAS 'IrXT1E. F''k

IS0 VG-(VAGFA-*'3PS)/P ... '', '1')
C 5-' "13
C COMPOTE .44:!0 OfF L'w RATE OF LIQUTD A -1) FLOW1
C BAT! 717 LL~IQ'1) Mrk"'TiE Of A A110 5 - ALPHA ""45
C -

ALPA( IAL/ 5L) H- A)/1. 34 'AL/AS3L) -1. J) 6HP%

C COMPUTE RATIO OF FLOi .1ATE OF GAS 5 TO FLOW RATY E'7
C Of GA5 1OBTUBE OF A AIDO 3 - BETAS' "'2

BETA- (ViI'9B)/ (AG*Pl z 1
C
C COMPUTE IATI0 )f ?LOW SlATE OF LYGUID 'I TtIME 7'1 2.'
C PLO;. FA,! OF GAS '11XV1'32. P'. ClIEdK 0e AIM!4AT) 'IF
C eQU?,TTO5l 754 F AND PRAINT D5AGZBO2TLI t? SUFPLCIENI'LE
C CLOSE 771 Z
C

VIH' (10- 1SRC) *ALPHA)-.0001) 151 .152, 152
151 .AL -S 911

'hU 7n1 530 '"

1 52 "551D

C COMPUTE GAS DENSITY - RUJGG
C 2'

dHCG (AG $P) / (Tr #10. 732)

C INTIPO.ATE ',g TABLE FOR DENSITY OF LIQUJID A AT SlitS '
C T P F AT') 8E. 5' 7 10

51.10 JE'2'0
NW-1) S .S .,.,o
CALL LITSP(EOAL .TL.pl 5572 3A0
t? (a) 16 0,16161 S'442.50

C SC .5



C TA.BLE L14ITS 'ICEEDBD - WRITE DIAGNOSTIC. 2 '
C 3Z 1

760 LL=8 -1 2 1 "1
161 WRIT'_ 76136) lIT (MNIa,'?.P 2 1

GO TO 500 j" 1')

C ISTa'LATE IN TABLE P03 DENSITY OF LIOUTO B AT rtis :.
C T.41FFATURE.

162 U-11s

CLL~ 1l-SIOINT.)

C
C COMPUT% ENSOWITY? O LIQID XTU AN F A IZL(F

C

C

C COMPUTE RATZO OF GAS VOLUME FLOW TO LXQUID VOLUME FLOW. jF'
C

PV-RHOL/ IROlRiIOG)
C 377 iiii
C INTERPOLATE IN SPECIFIC 4EAT TABLES F21 A AND a AT?14
C Tflr~i Tvie4PairuvE ASO PRESS NE. 7 ?
C

CALL I(T P (AG N,TG.,2A)")

165 LLl =911
GO0 TO 11142

170 s-2 I

CALL. tTRP (C 0G.0. -G, ?a)
LL=)

IPd)b5,1 171 
-

C EN~LT L816 LATFUT HF4T? OF VAPORIZATION T&UllSI
C FOR4 A AND dl AT THIIS TEIPEBRAUI!.
C 1

CALL :.dT-,PCd LA ,14,TL. P) t

I~~~ ~~ F O11,6,7

172 4=

CA LI4TIIP(ILBN.TL.P)

1 1 61 31

I 0 ST-40C 4

-SO :4,u.~

6NS-7-.0

9?IA~i) -q: )I

932 poli r IR ll71, IANNUNPoSM:vE 'Ll SE--2' 0

918 PooIA 1 80:71:11HIIIFIIIITZ P%) SEC". 4"a.
9136 FORIA i1UO.71,1?Il(ATSIDE RANGE OF ,&6.7H TA3LI.,SX. SCC23570



1f&RT - IT112.4 51,1111n it 12. 4) SEC, 11,40
r 0 i4m&T 1110,71 1211IN p SEC" 15 11

943 FORM% 0,71:1 . rly 1630
9440 HMO, 7 X, 11,i s r A-. IVE P491

BUD
SUBeGfirt4l SFCT3

cr)"" TZZzhY

C vip jnq )!-ci mw:x FOR , i r. rou i It ws rkBLE AND 14711? 1% 1 Y, 0
C 17 40157 21 TiIE Fl-,T CDMV)N PL(ICK - , , A I, 1j

t:onmnN I ZA3 A LA m AU-HAB A L,-flA IL;Iii-I B i '37()
1 AL? its 1!- A 1" 11 A , i r A

b -- AMB
I C AG I C A .;,I d -7 A L 13 5 El-,

CBG I CAL c A 5.! C 36 Ila C 91; ul i u -.11, E" I !)111)
COMMON C DI S CD. c D c- 'If -': z s .. .1 )120

c 7,11) ns :G -q C,;,.i C113 t. C 1.1 )I to
L-i S C.1 AV D 02 11

a :) P !1!-'. L! I DELT F L1 14 011 77 L
9 D. 6 05 D I D91 ;() e LT v 2 Z , I., 1 .0

CONW)m DFN Ar 8 1 EMAG nEm dG9 rc:, IG I) tliG3 T - t 7 11)
E, L3 15 D L IVIS 00 ).- I , D P K", it (I
D q n a k; 3 R IS I J!;AV T:LL I -__ 1111 1 1

3 D -;4 Al D 5 - 1 N DS- AT I D a - A T 3 -S -.-, -, I.i -1 Ls Z -,-- , 12 11
4 0 5:4 E S DS ',) x I D!. x .1 3 1 1; 1 -1:,;j 3 E Z , 1 3

Comoll DT1 L) 1141 -) TI! 1) )T,-l ') f L3 .)TL ;1L: I I- !I
6 DT D V Its "1741 r:Q DV IS 4 ug A 1 11 F : 1 .1141
7 DTI ;3V!3V 1 2' 1,. a ZIQ E":; ; -! L.1 1. 34
9 FAL - .4 L3 .M7 . - , -- ..P Iiii 1; --,- I
CORRON 4 ;IJ I It KA 1; 1 44 1.12tr ; n h 1.13 %3 A, Ait Lk 1 !11. LA5 1 2

2 11.3 I iLJI it 1.1 :11 ..5 A 1! .. . ; !7 1
F I lm: v TL L4 15 1. x 714. F-- 3

, ! I 'JI'll iNr IS% T T: :.10 K
COMMON K.! Kh? K V,.i LTZ KI) : : L j 3

K R K racT KTI W 1 Kx? L
7 Ll Ll L : 1 LC 72 1. L -1C T

L:,. -1 421 j Pro -IF 7- 1 1 F 0 1 F..: I j V, I
9 3 Mop ?i I !IT IS AC V .4,3 4 c f.X N17 , 1, 1 1 0,3

COMMON INDEAG 4 1) -; 1,1,; 1T9 n 1,; si. T F" I W)
%4h 449 1 S 4 N:( I v -4 p 4 vf* I Iio

2 UJ CIO N S 13 q J .15 F I , I )o
3 Pit ki PI) 1 ;u I j
4 PAS : 33 ?Irlj i"-aU ? 3A 71 ItCoadow P T: L

PLI X, AxPA 4 -)
5 F L --I ?,j Lom i i I )olqs I

LI4 P-;o -. 4
C0811105 P it:) G I two S Pli'Lli !t L-! 111, L *I') LS 7

I i)NL P L s ir" 1 '4.-3
2 PC3 L 10 1) f' , L r A
3 V3 7w Rv 7

COMMON K,.S 11 Zi inj I
L2 1 LF 5111.ki 54 i 7.11 1

7 Z ;P so 7 0S 1i F '
T TBr %Y T-;, A Y1

9 T -;.i T 11 ' 4 T 1, 1 G it I " T I i 9_j
COMMON Vil) .9 7!1-1 -Tin T 15 r x

I r L.1 73 ZLO -7 L ': L.; 'ZT
2 T 4 1 !!s T enl " ;,IRS v I I'A I

*.)S V33 v 7,bs .; 7,: 1 . ,V, 3 vr v;
COMMON 7lk LB V 1AL v 13r VTj.j L 71-,-1

6 VISMS v r !.3 VILM V I LAS 41.7! ItL-,
7 L. V L34 11T.S V I I 'i I.; a Pr A ) ,3

It AG -1 A Gj 4AL vl(;a 3 5Z 7
9 WUL '4 ,, D dG wrs 14!-, S
condom ii0l W033 x 113 11 XCLK 3-:1 J641

ITST XP is I x 11A Y 1 5 13 6 e 5

&"PON



2 YES TO * OS ZZZ N Sr9T SEC) ),,40

olItPvSSrCY V,0rAT(f? i I J-1 10
D1r A ES SI I OAT E(3 CUSE q1) ,Qrn1 8 PJ2 75)iL( SE- 1 ',7'0

1 C6) %P4 1 k M I516 OS : MO01D R(10"01 'TURA1 (1100) T~BSA(, j 7 F)

1 I CAL C2'J1 1" OT(1,1-
2 1 m s( r 5 2 J ) 0 . 5 " ' , i

C TIIS PS PIN S708LV ITIA PR0.RM FIR USE !....f....*..tz, 4A.

31 Ii ' 4I '

31 3 'a
H~~~ ~ ~ L A f A37:7

CAGI-CIG Z
Ce61-CIG Q" a

C06P1V1 EIIIAL FLOv RATES of COIIPOrENTS a AND a. ~T3 1)
c I.

ERAG=1!N'vWAC*PAI/ (13wP( 31
1Gt(-s G *oPB)/ (ic.Pl

i? IV,.% -5,175, lil :3S F1
?I&1 IP 5 75, 175, 176

175 A-1 OJ)3 100. c)14

GoAI 3 IFID

CCOIPIITE INITIAL ARAOF NOZLE.

17W8111.*!.e (1.0/ (RHffGOWG( (R/(a3L*Y.)) 5 IS87 A P 111 1., 5 3
alI AT'A .2 3 1.73

P.7S~c 7)-

API)) (?;ri
K1F' A~ V A'3,1 '

C COAPa.?. SLIF feLOCITT. IS. HEAR FOES STRE VELOITY. VS. lAD oIl
c SLIP ., ACT1O' , S. S-1 1..0

62 VS-'3V 11)"0
88' (VC#8'VLI /I 1.O*H) I II')

1I t -2-) 180, 17 9,180 3r: F. 330-i

C XOZZL TS CIPCULAS1 - COMPOTE DISTINCZ PROS NIOZZLE AXIS5 TO
C WALL.1 OP SCZZLE. TI.

179 YC'zi.Q37 (A/3. It, 16) 7Il t

50 T0 1)3 37

c Poz02L1 is AwiILAP - conOTIE RADL AND DISTANCES rTI VALL .'1)
C Ok ANNULSAR NOZZLE., ?I,3)O,YT,YO. IZ1I
C 1 10

180 TO AC* O(4COS (prl11/2.0- . 14161) 1. "1'3

161 .?I! 7~99)I3.

J0 Tn Si ik.CIJ 1340

a O-fI-A10-02) *.AOCOS (PI) /(2. 30.l8k16)) SV 1139 0
8-s~jeT (60) &1 39



IT Pl6xo-811 /COS (?IfIj3.A
to. 1.0-gAim) /Cos (P41I EC' 3 IA 1

C VNITZ LITS 1.2.3 0F OUITPUT AND Ol TO 33. S'33'

6143 ILC?1 4)14,4.

LPGCT-Li' CT4' '311

611 11? j, 1 .)1) i TIP, 63Y., G , 4 .L PA,1 3LHL31
LCV=71 +

71 10-0
c
C MIDPOINT OP ll:TE?VIL - C081'UTT 11I-POTNT ?APR-T11S.
C kES .T qjo cq4T/ETfD!1Ojn-, INICATOR S-) NEAT 3F419T TO) 32 3EC I,0,]
C VILK. BE AN EN3I0TNT. 15C '70

C . ......

MST-T9999II,'

CII3TERIOLAT2 1:1 VTSCI)STTT (GAS) TABLETS FOR A AND 3 AT '3'~.
C THIS3 GAS 1PER611J7E.
c

N1 16fsz 1 I1,73

cNL"1'TPP48 (111 I.TG,pkl '33.
IF ['4) 3 205 *,204 1 )

205 LL=1 I 3313

GO :6 11112 V3 11)3
20b1 34 17 

7I11

IN a37 5'37.'

CALL !11?311Dor X,TG,P8) 'Ui"

,. .; ;07,2 7!204
20-1 LL'I2.17

C INTERI'I.AT IIN SPEC.IFIC HET? TABLES I-IR A AND a 4r? 3
C THIS LT JUlDS T',IPFFAT!JRE.

209 q-5. , 3-'
N=5

LL 32
IF,)1 161,161.2109 333j

C CALLIT t173 SICI C 3L4. L. 7 L1U2)0.9 11 7 *'3

C GAS, CS".

211) CL4Y-AL1'IA*CA I' l.'1-AT.1)!I6I 11

PI vt :5 1.,I.A.33/.G -*. 251) ['23

C CORUKVt' AEAN IrSCOS;TT )F A AND a GAS.
C

VIGAl' 1 71/d~ AGA'11"133
I ~?TOG/b.0,(1. BiT&)/8E4*WGd,1 3lliaA j Z- -:)70

C 1TEM1LATE IN VISCOSITY (LIQUID) TA.ALZS FORA 11.L'D 3 1.T STJ 1'0
C TIS ?EilP!RA?3h8. 3.] 2 I1 a0

c r.C321



CALL rNTAP (V AL,.T.L.P) S c I''a

IFrO)I 1,161,2 15 1E71 I 21',
215 =%SC31)

STY3. 1'170
CAL L 4T SP (V 11LM.T L. P) S~ 11JLL-13 S a2

I F (N) 161,161,216 F

C CONPIJT! N!ABN THT8PA CONDI1CTLVITY :3 il 3 "D~3.
c 3A4 AD "E AR;S U5 SUISEQU71ITLY IN DETPRMAZIIO HXGA.C

216 VILN'1ALHA*VIAL, 4 1.0-&L'qAI*rB s 3 7
T10SD)/Ts I.)*.2

hA/f .0.75 f II

C~~S B '4Zj -2

t 1l4T'fLATE I~l TFIAL CONDUCTIvrTy r&BLZS FORJ CnMOB3OiE-j ;4-37
C A ',n, .. GNASEOUS SIAT7. rs 37

CALL 11.1FF(FIKAG.N.TG,P) ~3~
LL=13
IF fl) 1-145 .2 21 . . 4

220 ;j

CALL I NT PP (4II98G,11TGp P) 5'

17)14) 1 Q5, 145, 221j
C
C IF SI1'A=1 111411S T'IlN OF HXGMp IS j3'tr-l39tC IF Bi -0, 3..CCmD rEbnf OF RKGN' IS SETwO -si
C -1

221 IFIBETA- 1.01 223.222,223 0222 Hi4KAn10.O 0
2.) O 2,143 )223 !114 .K .),( 1. 0* JCMA/ I .0-e--A) I*(W AG/-daG) *RA)-3 .22,j S?(bE1'A) LN2532 -'

225 )K;2).:
GO f, 227

226 4KGM2ijrn/( 1-.2' ((I.')+BETA) /BETA) V(vB./WAc.) MR)

C Co.9p';TT v1i,1 'IEl.' F0o' USE ri rETEFArIY! L33P AT .C SIATZ.13Sr 33I. 70.
v1.(199N1.6.Tr)) / (l .')R) 0VA))ALOGI 4f P3. D3/2. 1) /(P342A)

~1 7')

C OPTrmu1! 1(3) 1S -0 BE USED).12'
C 5714.32740. 5

51 CI53 r*ALAA.Ill!OLt/
49. 2'HOG) ':4'7

16070 1D s F.: 3 :7"0
1USCT - 0 Sq3-'!A;f)
IN SO 0 sCj 72100

NSOO - 0 3EC) 2'210
Us~Z * ~.*(S(1.~l/Rh1.0EO. )C32810



D51411- 1.3 a I .OE-06 ~3cI _111a
GO TO 70 1i; I 4 ef

C SPECIFIeD 1(P) IS TO Off USED. 0~I"~,

52 Pl3.P.OP/2.0 59 I )
P1 1=P-DP/2.0 321 11)
PINTPIO .2i .32
ILL~I' I 3'
GO TO 1100 1

115S2 I IfI* : "r
PINT~l1 ;' .',
KL=2
GO1 Tn lICO '.

1153 1X I I- T %T _c I Y90'3
CSE i I30
C GET O.IFERINIe OF INTER.POLATED t VALlIES FROMl : cc) 3 013
C X(P'1 TAbLOI 57c, 112)

DX ~- 111 1!Ii
S1: (0 75*R1400* !I141 af OK / D*Rk10L) 3 41,.0
S2~ 44 13.C4- (01 H)/h4 L7i :.2
53. 1.33/24. 0 2?.'

GO TOI.003

C INTE33POLATI19ITO ( IF) TA3LE FOR TWO PRESSURE VALUE.S 1 c%31
c AT LVli3I' SID, OF ,.U NP~hT I 14?EI.VAL.!%

1100 COWN13C 3 1
C TillS ZJC3A! TO ALLOW POO NONOTONIC tXCREASI4G 3P DECDEASING NILE.;UlI V1,.)

1, ) * 1)- 110 , H',)11S
1 106 Co .1 1 ;lie;'I

1101 '7 -72 Pl ":

1102 C3,hrI:;'7S "':3 I '11%
KN.2 5'i 23

2134 K'.3?1'i4)

Go0 7? (1Q. 1151 KL 
;!lc I

1105 C0N-O r'I 312 312
ZF "T-)0? 1 tos120 1120 * ,1

110- IF 7 Z~.01 1120:1120: 13
1110 T

1
3.4.=-I 410TiA 

1C3 "

1120 .*RI (h 9 10 5) P 10.P I IK L.EZ.ZTERY. PiN '"mr1
LL-1 4'133:

R E~ri;m 3 IIl)
11112 1 571'1 142 1 i 1,0

RETURN.2 3)73
115 131T 16 1 3

70 4S II- ='0 .3W i a 2

soo %Tr' 1': I C '44,3)

HST 110 ':3.

C .2::'1141
C FORMlAT STAIISENTS FRc 1-LINE PeRRAIeII ,Jurp3J?. '5C 1 1.90
c rzc)3i,00
1001 FORMA" (114 131 1111 131,1Imp 131 l'l 121.2lIVB.131.114N.121.2I4TG.12X, SFC3 l'10

12VTL,12 1,24~G.1121,.5MVL/,i,
4
E41) SEC335320

4 --.- --. . -------- .-.-------.--- 164 -



1002 FOP-A7 ( 1H), 1221 1111Y IIX 1 1 3 lX Iff" 12 ll ',2%2lllA.1X.5'1 9'
I5HAL^ It l'1uliD:2ilGI1'2,1/'tVi1uI . 12,4r i) '- i'n11003 vOvwAul moI0W 1X r v '1oG1ixili)AIAit .i.1w;12.Ho
I11? ,1 2.- 12f. "iLt%, 12ix ,2 '1L5 I.,. 1 ."l 4 .4)

9105 05,MAT(Ii ~ Z17 r - ?::Va,iE XIZ )F 4A%!dS 'I'- '~ lp~"l~

2 2111)IL DtPCZ.27.4 017111. 3? L1Sf t+Er 71084, 1
) 1 e llC Ltn.S 2 3 /1 A . '.I '

9181 1)19 A-1fl3.7I It -I-_.1V ;I 1i13
9643 ParR;? -f11,,StA; *13,.11,2MNEAL TWO0-PHASE TW0-COMPOUFF-MT S5I,'.(1

10 JOZZLE ?LCW// I1' l
St;3SOOTtI? SLCT4 I 41.)10

CORMON ?Zt!A1.y SCu ;110
ODtIESON T37ZAY (1121) ., h 74l11

C THE! A3011! CJ9.90% 'LUC,; FOR sairiJ m mS TABLE AN S I TR 1971 5 4 2')
c IT 4'lS1 ?! ! 11957I C0.43904 3LOcK( 5't'iA

CoIIMON A % I Ae &LAN4 41 APitASI L!* ; A *ALPHA 8 --. :21 Pill
1 L1PII li All * AP U A7 *; , )l 4 5.1 0
2 Ba1 * 2211 -A a Il A3 7 A * J P_ 7A ":-5 , s F1-c;' 2~)
3 C I cl w C I0 * ; a,71r C AL!! n S E14 j 101
w C201 CA L * At * E 29 C *;M CS 1: 1 LA2 311

C011001 0.1 * * u CD *F Cr11 , :1.) * 3c '123
6 07115! * cS' * ".115 *: a24*C" * '4
7 CLNA *CAVS *D 0)' A 9D*!A2 i E':13

q FLIIS 1- itt; a 0)1 0 a* 1 ULi 'I t *L i1.12 7, ilI"
COMSON 30 AGO Dt !AG a L.l1 *G i?I * q 9.9 11 1 f472 1 111-

D 3 I S 0 DL'-0 0(1l 31-1 'stys 1 > ) 10
2Did 11' *1 t'1 * Dc;I * 'S W7 Vi. ) 152F,4 )1 '3

)I7.IN1 I I.;1I% N D.11511 A y 75 I A 2 S If Ml. S2 * E- 217 W

CORSON nnr- * it D-isn *srIT L I rt L ~ *
6 37 * LH9B;Q * DVGQ 3 * a! 'S. x * y "1!

7 1' Dli * %li * " hAI 191. * 12

9 ES ?, * 'Mt L * F.? 1 F") P 1: p rut 1
Condon li * Il.! 1114 * A,; 5 ff F s'! r l. 2 c -EC .',I

I ~1 K149 GA115 ' ILA) I flS * LA * . A .,

I q(i. *r 17 1sz AC V 'CO 11 LO 4%L -II :

COMRON K2 K A1 * Kl~c D. 13T K J.; * . 1
6 1'! * T LT ! (-,, I I*1 * N ?' 1
7 LI *12 .,('s' *Lc2 *.

BLsa M i3 11 11 9i'0) * -,
9 S R) Mo 5.1? 41 1:2 * III SCLE vtr '' 'II.

COMMOn 41S'! AG *17 'IS * i * 111 *'4 *i L.,S 1 71-

3 ? I* P1 1 * 243 %r* * IS E* 51" I4"
*PA.; * P~d P.1 9 7100 ? P30 'aI 3'- 3 a

COMMON p)41 P It IA 8 * A 2414 I I m 'IN" ?L S -% J IJ
7 R I r *A 5 *R ~ l * Aw *'I

q DC D* ,IDN R RDEO * PS, 'Dl

1 5! *P l 11 I DtlL * lU0. is .ile * ''~Q

REMt * 11 9 ! 3 1 * . I

ave 'V *iv IWS "
*53 314 A 58 1 J)

Consulf ;1 5 *7 'TS * 5921 S'32 ,S

7 ;",p *3 r73 4 3.50 ; Z1 : * j w C I,
V ~~li~ 7! in r', I .IA sr * . "."

CORSON Pii-s*I O) 'l R '1ls~l A :;,: * 5"51-':70
7M *. a ~ .. 5*T? T7l I 3Ec'Y'to
otfl m * 7410.1 * wm v45 I Vi * 2 v 1 It * 1 SEc -4j

1133 * o 980 al vi"9 * 1NS * 2 *V lS'i * 5 04 1613
va Too * 0 G# VGSJ * 15 VIA. SECAIO 1



Congo%. VALD 7161., 114 TB T* L 1 n I." VIn,~ I SEC6l10
b Ir'PS V WIt LK T I.1 V T L4S I L1.' * 112 * E :' .) II (
7 YL *7LQ ,YLS *Is 13 W'A3 , - )b 4 1.
8 WA; al * WAL *a~ dt3 *~h; **29 WELh r3 *G * s W I AIs

I xxI *x X I *II
2 Y. T0 , T ' * z : * 'i''

100:~ ic; (10 1~ IDhil Isr~fI0)TRA r I f 'A

21 (10,31 'F Y 7 ,t1 ) . 1 ?( 3J1740
E 1 liu A E 1 i1( C I LA PRAY 1 ')m"a
tEqr 1-j.' ;o. *O2 1-11.0
C crL 011? q E,: I j 73

2F Z1 S1-63) 1163, 1 )1113
C
C ENDO P014'r CF !1111.; ISTERAAL Ol p)ssa) . 4
C CO!PUT 1 C!'AIS(ES IN FLW PRAMWTZRi 'HIS rN?!PYXL.
C4'

9n'~' s VlCRT( VDSOI 5
C
c casrIcr ll LtP1 F3'ACTION. 5, Aqn1 N6EW DrSTA4CE, 1.

if c VWYO l 43 1 0013. '001 '''

4000 S-s';

'0021 x;'vfl

C
C COIDJ7UE C4IAll.-S tM 5-)UAiE OF ) ANTI LIQuIID YELOCITIES.?
C

C '1
C COMPO~TE Is;T '1 .&S k%', 1.1;.3I3T) 71.3' 'ATES. F 41
C'

C
C COMIPOTE ClIAiIGES INi 'AS AN~D L'QJII ElPEVArlJRFS.

C TL ( 11' -1 ELTlor)"

DELTr3-1.. V
UTG-'2/C0WM) rn7t;5 '/s,102.1) *h

C I-* UT L. - (5 . I~ 1 4O) 0VL SQ/133 J7 2. 9) l
A3.~h~.) 3::721/150 72.3.Fl;)

06A1 uLr3 )*1N" q.(i8L131C3GI6,*lEj~r)

IF(( (.3 c C-. M); / l7 ( (H *1 - 3) / (630.3 0 * ZL8 * ROL ; *' 1173
IM * IL';)) I 1. d075,.30b

a076 :)TL ';.
t:TG 1.0 4.
IF (P-1. %*POI 60 71),10 74,d074 11.

807'. CONiTIN4i!? , 2-1
C T3"US LAST :'InT AnnE 7f) DELETE IEir YES." AT?NDi 'U? 'OZLE I-

"'-P1 
:

C CHA11 TO 5AVE 749E LAST P FOR rRiNr3UT E4 ;.,cri. -" 1 '2
6075 CONTI;:U e :- ; .

C CONFUT9 'lEV TT19PErA'1VS FOR LiquD 410 F'AIo7
;r HT Rll~ T3 IFGATS ? TNT DII1NOSLC AND ?ITT

C TO '(FT CAS!.0

zl(rl~~ 3231 3 1310
230 WRT 2 )SC6 1.120

210?1 26C' 1330



Go TO SOO Si411~
23 .10VLSQ#DVL53

23 F IVN '32,23~ 233 
"j~

232 p rE 9 *2) ~/17A
Go TO 500 I'0o

C -;Z 14)0

C COM4PUTE NEW1 V!LOCITIIS FOR uLIUI ANtI GAS. 14 '10

C 
3EC4 iS4

233 VG-ABS (SFIB VGSOII 1v 1410
IL-ABS~~R (S LSJ)

C COMPUTEl PATIO OF GAS FLOW A&ICA TO LIQUID FLOW AREA. j1,II47
C i:: 11.40

C i -- 4 t'41j

C COMP 'i1u LIQUID AND GAS FLOW RATES.z- 1
C :-C si 5

EiqAG.-q A6.D!!IAG c.'n

D ELV2 ; 11SQ-V LSg aZ4,S
C F41.o

c SET Up I1I~AL QUANflTIES P08 SEIT ENO-?OLY?. 5~70

HLAISI4LA .13

C 
3

C INTERIPOLAf TE TIT S'IIrAC8 ?2MSIOX TASLE A? THIS LIQUIID j- ?A: 3
C TIE-AIRE.
C

CA LL t 4T CJI GN,TL, ?) 4

If( n F.. 17 j,

C :F ' L-. 3 KUP OPTION SPECIFIED, CO~RaOT 0143?LT -; ": 177 ,)

240 F( iFUi11 I 2 4).2 34 2143

239 r31 1i'll.)

C r ?)
C COMPUTE C1II401 IN NOZZLE CROSS-SECLSNAL AREA SINCE ' 1-13,
C LAST ; 0-iFOINT. o'. .

2143 DAsl44.0a.IG.(1.G/(RIIOG*VGI.R/(PrtiLeVL)I -A

C COMPUTE POESBII AA DE14E THSAN EVO'S:DPt
C

AN-A * A /Z. .1.

IFf' 1O-) b7,tb6,67
C
c COlPfJTE BACII kND fITSTRAC! FROM kx111 ro 'wALL )P 7'-

C .. TBILA) NOZZ LE. 14 0
C * S *,SATEMONT ,4O. (67 *Sf*4*~tb** f..s 40

147 :I~- 0T (/2.0 (6161-TO '

ORO11 9121 rrluJ30

20-10 !E42.



oiir zo. a
D.51=J. 0
SDELI 4:0 .0
CFT.=. 0
TWIN x0.0
Go To 6' 1S E4 I5F, I

COMPUTE *.ECi T.ir OF AINIILA NOZZLE AND BOUNDARY-LATER F. ';10
C GROWr , iNC JIIAR R IAMNER WALL. q 0
C o")'68 .4A 1-9 X= -XO IN (PH 1) 5 74 2 113

IF (PAX '2-ACOS (Fi))/(2.0-.J. 1416) 24 1.242, 2412 S .-4 2120
21-1 FAN r(b,211) C11 "1OLi" Ii 7 ; .1 .C.T

GO TO So0 4 12 .. 0
242 DHL-SJIT ( AX' 2-(AOC03 J (PTl /1 2.0"3.1111,), -10 , ,51 :RI

P tt T DRT/2.0 I ;o
I-,'.!- OF I ~C4

NONlO+DRO/2.0 -' 4'0
NORO 7. I'C4 '210
UT1 ( AX! A -RI)/(COS (P HI)) -TI S ',.
DYG I- i'-X) /(COS Pill)) -TO

1[ I Y + . 13-"-, . - '-3

C
C COMPUTE A.IGLR OF NOZZLE INNER WALL HELATIVE T3 ATIS.
C

v 111-A IIDTT/DX ) JD' 1 2 1
24161 /THX=S..r;e B)/10.1)7H- AN :; 4'S a "12416 DT HI=I. OC F£;'. 0 MOBMI I .o + P-) ) *DX Tmr~q mo 3 115!
1 (( ITS* . 1 ) ',I Vn /YVFU -DA/A.i4D lT/T'i) 'I4() '1
T69 lfjslJ. 1 TeIOL L 0 559.i/(6. (1.J#-R ) f4 F I3

T~ '1 . C-T91!.') , *. .4a 3DEL:0 l1. 2'17 4TR, 7." m169 DTXr- J . 5 t).'- It - UeIV )/ 1.o + ") I DK -T4O0-1=' : '

Tlf,z- i I - CT77') T,. aC
0ELO= V)}. :A-h*'TllO ; " 'a 1)'

CC COMPUT- ANGL7 or NOZZLE OUTE.R 44LL RELATIVE TO uXIS. " ',4
C

W OP"ATAN(4010/X) .,
WOK.57.2 l53 141*id('7

C
C COMPUTE AZAN I LOCITT (INC LUnIt NG SOU16OART LAY.). E,,4 .4 0
C "E.4, F' 4

2S1 vno-VU6(1.J
- 
((2. )03. 1416)/&) 5 i*.,: 0I )1'C*TIIO) .' 1*T111) ) Z."'. "=i20

GO T0 '11" 13
C 5'4 1 14
C IF A&EA LESS ZFRO NOZZLE IS CONVERGING AND TIR14T 4AS
C 40T JUST eZEN ?AASED. IF NOT, NUZZLE THROAT NAY 5-. "i 6
C MAlf JUST BEEN PASSED. S C.2570

61 IF (A-AT) 66,62.62 )3zr ,13
C ADIAr;CE STP CnnVlT AND RETURN TO ZTSP 30 IF 11AlrIUM~ f. -h I
C STE P COUST NHOT REACHEFD. .: ,;

62 N. ,0?z~ So I ?:ah.

IF (INS-NS) 30,260.260 S 2' 'bn)C S7; 24 'S.
C INITIALIZE TS AND COnWTERS AND 30 TO STEP 140 1") 5EC 4 1B70
C COMPUTE EARNED QUANTITIES. 51!C4 ZOwC SI.C 2'4'0260 TB-TL EC 4 -77,0

INS'. SEC4 2710

r ....



CO TO Ilia '!~.7 15
C 3 ' .'27.3

C OUTP'UT 4IAS JUST TEiN EST!D ETE TO STEP 33 S '-14 ?
c If TTERAT135 IS NO OPLP.TtlT

F ( ' ; 9 4 
4 2 ' ' ?

1. 1N4' N Fj -) 0 .1116.8~'

C !R2J011

C L 25' 12
Pi (3 .ps SF-~4 2N'13
PLI il -IYES S.'- 1., 3
Pt 5"I -A S Et4 '
Pi 3 ,I- 47 sic. '3-?

RLI 71 :71.5 !"E"4 010

PL. 1 2.1.
. 118) 5 f3,

26* CALL ?LJPU? (X*3,LPGCT,3GiO) ? 1) Z 20
GO '1) 110 "~Z .''h;

66 AT-&5'2 '1?7
PT'p

i.

IA 
'.' 4 

S'

VS.5~'

I A,;

IfLA ' = '!:.

h.,;: V I G

YHM= s; 7- 43'T

T1103 *. ! L.
1e2)S: ;EL
DL3S L

ROOMS~~' n *U

Stm-CC 44 if
TdLMS=CLG ?c 41van-IS j CII34.0



VIPM It ZZ 14 14,10
TH S- i I S -:& 1,40,

1) LS13S D ZLSIw 1 1449
A D L'.; - 0 ELI 14~ 'u-1
C P I S -:7T If s F:* 3 i51J3
GO -1) 62 sE.15'

30 MSr. '=30 Ills Io~

160 MS-11.140 ' - ISSO
a !17! R H 5E 4 1 5, 0

9 E-J Hl s Eci 11,40
500 IOIAu- I c( 15 10

CALL ahTPUT(NNN.L9GC.TGZG) 5 f' tl3a

9232 POD IAT 1,40 X1 16l~4rJ1V YjT
9 261 ?'3ANAr 1 110 7

1
3. I,1.'iEGrATIVE 9r) S

SUBOIIVE SECTS )tS o
COFACI T27lY F',S ,i'.
0D EIM. 10R L7 Z kT( 112 3 vl 1, t)V

C T4P. A3')?E COA LOCK rob. rII3po'lTN FS T'ABLE A1 I ,ITAP ~ F- 5 ) )'3
C IT 'JUST Ef TiI rl-',r VjU M(E 111.00, -- 's0

COMMON2 11 %l A ALA 4 AL '1*Aa A ALiA -ALIfMA . 17)
I ALPtlS A I AP ,l AS -. :~ *A -I * 4
2 SL -8 F.T BZA *,TA HFA O3

ONO 1(6 *r l )'A. c (~1GB CL4J 5', )11
7 LL,1 * :: AL E~ a r, A r, 7 1

A * ,11 * )73At1 , LA - ~, ' .T - L
Di. IS L*DS *DSO r002 I ) 3,

1'lAt III 0137 t A f :1 1 A T I
COSC ')S 0!, x'A I D!-SC Y 233 1 )7 ,..5 ':- e
common D- rlc U0 .13 T0, 00331 *TL 7L S3

CORNOI H4)A i*j '.0 '*A; 11: M;) ;I s I 4L . 37

2L I ,J 'L T. I It
3 Po E ki3 -, I11 Ac it 2 I- ' ' T L 154 S-'' '

4 :'A *i !A NT Pr ,' TilAFRO I3 , I III *1
COIWION P61 ,P* CT X'ftfl , ~L ,'i? 2

6 21 ;, ; Nil 33' * 3 * 1 £ " '1

9? 0 MOP ',I 11 11 IV LA 52S
common 141)! G Na * * *1 3 SI

Xv AO



4 S3 I. Si.S * '"o *

CONIION S!I. S sr SIN sm 5~1 , MJ2 * ILC 31
6 S'ILE SM rL ALC 51 o J -")72 S7, )
7 SOIP 3 0 so Sml 55 Z! , J'-I
9 B TEr. *tAY *TVAY1. a~
9 tr ISi*~I~ I rs
1 rTLi B r L- T L , uL~ r T * f

2 TWI IS T *-UI Tw PIOS Vi 1 11 ,1 ;

3 70Dl v *'7 101, vas VI1IS * * 111.5
16 vj 51 V 10 I , V,;,;) W5. v *; l

COMMON I1A LB V TAL VIFG *VTOLB VII'L v 1.;S -11,

6 v E,. "I II VLal VZLM V VILAIS v ?* v L.1 s'*sl
7 V L *V L: VLS. v3 Ss w *A-,

9 Al w J 4AL war 0136 Jr * yj- J

9 WrL ii *; 13 WGI *r d' dims:s
CO MMONI JUS I UAS x 1 * 1 11 ,CL -c)1)7

X I l T x P x IS XT .,VA * I *,,

2 1 fS T Zz r r PT ', 1-10
DI ME5 10 N L 1 F )

1)I.4Z'I1;1 Ct. 4 A 71 ) )7 J1.
DIME1,SZON DITZ ,tC71 557

1.X(j ii( S) AI (8ko IV sT 10 :7.3.? (100) * 91.35;-))1a
21 D0)*IA (7I 1 .c) 47-~

UIVA&.IS~ pIA I)AY 5R
( 4 CJlL. iI3

C 102. .
C
C

70 CZOT14I'1E

16005 CJN-,T!I'J
jF(S*11 1)2537Q_'50h0.2507O

25060 1:7PI

C F0LLUtK 111 SATEM-NT SIMPLIFIED ST UN1IVAC.
C S0-.-1:i:.t.J,DPizzZ) ... ETC.

IF7 2 U1 70 , 23q9, 21470 zEI'

00-111 CE-6-:L noip0*1w

3010C;tlV 1OO31031

ro rn ll,3oo
3030 COJSIITI F

S? , IM I' N
10,2 i- 1I 0 1

PSL1R.SSF 1I
S MJ2.L 7 A.14

IF (R7S0PSLI n3) 30.0 3060, 3060 15

3060 COII113IJ 5' I"
WRITS j6 30 6 1) OSLIR.DP S EGA '7

3011 CONIiI3 s.9 Il
BEZ15SN SC 2.



SEC 1210

If VIF7) 34 308.308 1270

a ~ ~ ~ ~ ~ : 3 1 ;zM 2
GO In1 3100 !7S 74

306 Z SO -I E524 ;-
S M'j 1 3'!'.1 11

3 0.11 3 Z 0 1 l.
3090 C3'.TJ'jv1 ~

snj. - I ti4DSL I R)/2.03?1
1JHz 3 S

16000 C~'Ir1 1 1")
1390 ISqO)2I6l ,01390,1391 3? I7

sn ,I (S41 N DPI '7
1391 Afl=., B!

DYNS.-VI)912
If 8 s-.' a- 0V S-2.0

c 7Tc WITE PT14GNOSTIC I 8 O-OIIL3
Iigens') 125iO, 1250, 1251 I7 3

1250 COT~INUES
811E' (b,3250) S6.Ai..lV.V2.WBSQ,2yeSg.j1'moSg 1*

LL =IH- 11G1 T 1492s ..-

12f1 J CC- 2. 1 9 E

GO r) 7 1j
12613 C 1? *.2 01 10 A.4 1-R26nI8 4

I') 21, 71s ( O J .

C OPT n.... 13 1!; TO Vt 'IC. HO
C

80IP tPVq-- 1611) 8 
1 

1310Ij. )1381 3. "
1 380 C I.3

~~~.O14 131) 1 34T'
13%32 COt1 .I1,7. 4 4(ALU RL) 1.I14 2 9((ALOG (024,) 002)

1343 CDP-'.

SPL~l= -1r j 
3 'obI I4

31NU-A 1'.

C -I U

H : a es1L'2II";MLD 5Z - lqc C%ZZ/C2 SEC$ l89"
IT (;2L. j.3) C2-ABS (C2)

17 2



CZ -C2.'O. 33333 SZT5 I 96
SO * OeC2 SE"181

sof - c-S4 q~rS 1900
181 SI5i~O~i;

141 1 5430 F)
lzi'ifln 16

Ct

C SRE THIS.3 VAU OF "2 N RT S PRYI UL

COO**5*.1E5 GM4 AID7 MR D DLII Y CUT COVEGEC
OSA5 KOS) -2222-22

ADsvyK1 t3. =510t- .19.
D~f41D -D 10)1603 R 600.,18 5 11 31

1888 y SO141 16 IA 11

LISA P KX C.71J '210 s sI

KOS = KO It)

1,0 c16 03,bs3,14E

03 1 i33 11 17) J

CO"NDI 8ois fy CU'f C0 IRGENCt Aou'rrfir

C 90 C'NVIFGA'ICI ON LS - PRINT DIAGII'STrC AND (;- 4LL 12 4
C PEvrq(JSUVLIJPS UP~ D5 FRON ':APE IS AMD0 Ti I'INABY ATORAGE IN 0.'5")Q
C 05I4Ai. R I T 7 4 1 A NO EXIT TO0 3 14NOSr C a03 r X M. 35 1,,)

NSI.Z =1 111) ' '0

I1m1.I ~ 19 1831492 '
189 u54 f14, a~n 11 1', I

(5 b 1.411) IOSRA El (r) .1-1. 1001 7

GO *31491 22'
1493 oRZT? lb,94491) (05911 (1) -I,KS) '141 a

K r.1 'I.1
K5 D2 _- ,

1495 CONT 11 ;:1';
R Eit1l0 16
Go -O 0 lS 7 41S0

C

82 If lNEPO- 11)2362.2J81, 2382 SC 54

GO TO J3
2382 03.5-5-so

DR-(D/( .75fiOG;A8S (SP-. SNC^*SSI SI X5)54
114833.0*OD. 4(BI4@*2)*RIAOLvDV1Q).3 SECA lboo

173



2 M(EISR NO LT BSQ /(1. 0R) 0( ((Z.O*SK*Dt) /(11. OR) -DS)l SEC. :610
100 3SI11 s'I 2,Q0

NSTMT-9 799 .J 5.m 10

i~f~qJ~ 1 0.301 "5

LL =19 S~ .,
GO TO 500S-- I

C STORE -.0prlNT QUA.%rlTrS FOR NEXT eND-POtAT. : * (
C :;: r- 71

301 E 1 .1 -F ML 3" .
EiCL7l- -tHCL I i',-7

HLAMR!fLA I S27,

C 1 ,7> 1'3
C DETEP!TNE IATRASSFE COEFFICI ENT. szir 0T ')

C CONTI7IICIS AT JUNCTION4S. -

IF(I-1.3) 3~h*),105
304 "'J~.'ItG~ 3.

GO TO 3')4
105 IF( ph .3 lob30 .107
306 M..H~'3 - ( 03~ (-,A)) OYR!!*

I ( j2.2/RE'!*(.4d/(j3(RM))) , F ' 24

307 HM46. 4.(&H K 3 0 ( E*M.6 1/ 0p
C
C COM?IJTF 17Aq 7)USAIT-LAYfR AAEU9RS FOR CIRCULAR knlZZLE 'S
C ORi hJIIIP WALL oF A1NNULAR 40 ZZ LE. .

308 1".1'( M 0 -C-'Xf112. '..*

P ;. 0). *iQ iOL*V L~11ELOfii /VI Ll '1

CF o .2 )d/ I( ALOr I a JaELUM) .42 5) -2. 508 110

P0FLT (103J. 0 '1 OL *17On11L0) /VI LA '
CE o.0 4/ A L OG 10 RDE LI M) -. 42 51 *2. SR 4)

50CALL' UTUT( N.1,LP.LC,.RG1O)

9250 Fr) A' 180,71 i 15N.)dpdrSTrF 7OM/318 )XI,lPkF.15.hj) .' 1110
9100~t,' l'IA S3'il,4r'~'~o 3)1

9 690 O9~ 1H hK0'X2'ILD NOT CON V-2' ON Di,/I) - 1
9491 itt1: 1EC& r13.3,~.4
3061 1O9A h0,3-sUL7,K~ S'.N A-SIDIIS r1l IN4TERVAL 3 t0 , 3p?12.4, E1 l

14!3 P S ~ 5
.,A) -,L~ 4l-.

ENO0
SU3POITIIE SECTS :)Io21

COMIOd IZZIAY T7
2IM:4SrON '7ZZAy (120)) j~C 31

C H~E ABOVE :Z)M'ION ULJCK FOR1 S ')-PO31T Fs rAOL! A ND I14?3lI j0. 3
C IT 4I3ST 31; ?HE FTZST C03MION 3LUCKX 1 j363

CONflow A 4 64 A 4LA8 A AI..'ik , L7'A *AL.'118B F.'2)
I ALPIS -r*P A *1 *5

as8 a"TB B SA * : 8~A M 0 EA * 'A , SM AS 'A
3 C *Cl C CAGI * CAC,MB * ;G *CAL93 1,, i,.
4 COGI *CAL ,CA-E COGIB *C3') , 2)1-4B C'L .3C)110

COSROW COMS ,CDP c CD *CPIM- * .?3S *C.1n el '12
6 C1095 CORR CGM CG.I Ms 21.7811 a LA 1 En)I1
7 CLBS ,CSAVC D 02 n IA *DA~' z SEJ140

--- .-- 7



9 EFLOS 3 '71 ''I ' E L .1 '0 7LN ' i 7L'? 1' 3 2 7r' 1I*0'
commnO 0.A1.GD * D'AG 18 DE9GB R*. D G 4! B S';,'3I71 13 L., 1 IS D u ", 0 0 3A

2 D~t 02 a' L' R 33AVE * LE9 * 5

D S O 3,;T ,3 ;113
CommIon ' " 01- 07110 W '1.1 D 7L 3 IDI * wV3

3
5 .* SQ JJL3 x '''

ii. !, EZU 70 ~1
common R Hi ii.J * ' 33; * ijw 137i * 39.2 S EZ, ''0

1 1939 -1 99I;fS 11lLA 1 111 (AN -I ILA * ILA.i 7, 3 j21
2 1[I S *Il 3f 911 HLL 4 . V 11. , 1XI 1
3 NOe H3P * r I (Ac 7 1B It LW 1 '1(3 1:o3 0G

4lill 11- 'I S* _ IOZ Z _" a0 A K 33E: IV)
Common K(2 * lA? K -Lis03 CT ((0 *L R I9 S 5'1.Jl

6 KR9 * 3TJT K 91 I lET I .X * 7.
7 ~ ~ L LC I L. , .1 .. 2 * C *L03

9 11 40 3I!29 r NT~ *AC v 4 j( C IL. 4 C15
C MO NI IAG *'Mi *n 059 1\.; I *LS T i .1:1J

I N 4l *9140 D 1131 NO N%A I; il 4
2 NsO ::'o *s I'u I I; ? n * "' N; ,

A PAS *l'33 0!41B a 3 'd 13
COROU11 13S *plirtA P4 7 5A9 I'll i 'i N r 7 * 3

7 11 ?E' A f 3 ,.T O 11 AT 5' F. 3.4
B 00 C 07.) IN PnL.0 LON 3 L. 5 175 5

co a ,, * :fl; I IC)CL , ; *
V14 *RE am3 i.;,ALD J 'I,, v *J L 3

2 1'WilL 0 G.' I 0 7. LT M''

COPRON r- s73 5 .11 ' 3711 -!. I -.1) D3 ''
6 L On_ 31 .lLo C ti ho "1 '
7 svp S1W * .-, S) 5 F.0

9 1r, , T, * - 3'*' 7111.3 r ill Ils
COMMIT I") R. IIYI * 1f1 7 I S * K T'. 1 ' '70

2R A:) v r. 13 )0* ?
VI . v0 It v0 I VII! , 10' 1)3 "

6 v I "* z Itf I,; V:L il IS i LA VLLI
7 41. VAL.,)j *L.L 5V *1 3 11 N.; i
I I AG 4 A0.3 , VA. * 4GB .1 1r, .3
9O55) 1. wr WIG GS Id 1 14 1 14

o X79 '11 x7 11 XSlx **0 T

2 is3 y ') -in 01'S 4 STZ 'I 7 511
D1(5123109 'LJ10) 7.5 '7

oIMS-1s:r,; /41111 I" (4 ? '(3 QTfl(il*P27liL1i)
1 C 336,3 A"4 ' ') 1( d DS-AT 3.0 DS. Y 1 00 i*BA(100 .TBRAN' "'33j

,, \C79-.A l ('xbO 2 18 -' 1 )".3

1CALL 309F S3' 77j

c F..1 i7*3
C C0(55111! BARED QqAhTIII?S AND ITERATE 70(5 comve33zmcz ow4 11. 371
C GET lIMTEAPC.AZED PPG Fq0(5 TABLE 7031 rHI3 TB. 7335)
C c2

IS0 3.9 --cuI "
4ST-IT-9999 '33;,18*

J39 pq-N V;10353
CALL EWTfiP(PBOB.X,.?B,2) SECA 34R60

175



IF0 3118,318,320 5eCb 1470
]is L L0 3 5Z76 J Al0
319 Wa I . E ( 6 9311) H T(I M),8,P )AV) J4r

320 43%NTA PRINT DIAG.NOSTIC UF upIcrEprLY CLOSE TO ZERO. S'' l,.

C 20IF(455 ( I.0-I*paOflt)-.000 1) 321.3 21,323 *'+0
.321 11 917. (6.932 0) STEl:Uo 1~0

LL .21) SE: 'lP3
GO TU 500 ,i" ') ,

C ! v: j l-I)
C CO.1PUT? 'ANT I AL PROSSURFI OF CONPONE"? % AND 5 AND
C PRI1T-' DIAGNOSTIC IF tITlIEa 10biPSITIVE. 3 -iWt I1 'j
C 7 ~f 1.)1*3

I F IAA ) 31 . 22, 322 5 z -,( 1110
322 POO - F IPA " £c6 714'7

if (208) 312,"323.')323 SE F. I 11-'
C 5 ::-s iJO.O
C INT'ERPOLATEINT ner OLeCrJLkR I1EIGIIT ThOL11S FOB A AND 3 S £c(I11P0
C AT 74I1S TEMPERATURE AND PRSSURE. SS14

CALL roTrP1jAG A jNTBPAB) 3 1

32S5 LZ'

Go TO 0i6 5--b 1 1-10
327 Smd c', 117n

CALL 14TF22~ (UGS 8,18,28) 1l

2O4 52
1! ' 1 1

312 RIT15 (6,131')
LL 2 1 31
G0 Tr 53001

C '
C COMPUT? IFAX -IOLFCULAN 47.rG.I1. 10

33 11 )AG~A).N(.*9)/
330 GB-(v4B*OO)-JS('i;*$38)/P'm3

C
C COMIPUTE 4LFHA AND 5-:TA.
C

I C 1.3 I I/ .A lL) -1.) -11 PA B)1
E1TA ' (IGf P023/ (A00*P)

C 14,
C CHfCR DE'07196TOR GF !qUATION FOR R 4M G'PINTI'l
C .Z18GIOSITC ir *-jra'I-iEsiPLT CLOSE :0 ZERO. )
C

333,135,335 3 '.

C ,- '.,, (3
C COMPU1TE 3APBS3 FLOW PAPAIIETINS.

35 31. 0c- f1. )+FC '.LET Ad),? /- IK'

DEIIAG3' CER 2*r8'VA0.3113) (Hal'sP1 I AG I.'M.51
0 B None (AMGD'*BGH'P8B)/ (dGa P) -F!8G 39EC6 15d0



111AGr=,P.M Ar *0 EAGll S FC-r, 11; q

P31UT15--A? I 11 P PCII a.A PUBL' /2:0Ch17

c CA L - !IPrICFTC 1U"AT -LIQUrD A I''
C C3LMB -SPECIFIC IIEAT -L1?UID BI
C CA; I n SPECIFIC HFVAT -GAU A 11
c coqma -SPECIFIC HE~AT -GAS 8 '1713

c 17''
1I=5 .17.v)
CALL rlTFl'(CAL14I,f,TLl 5.P I 7 1)
IF (4) 314U 3 1 3')441

3140 vAiZi (6,91111t) tII NL8, Ka17
LL=25 S(N'),TLI17P 0
o TO3 500 9 ' , 17'13

3141 s Er

CALL T 4 T QP(Z9 L 0B, N, TLM0. P) '7
I F 1) 4,1 , 340 ,343 17

3443 N4 ,. )
h4=1 I ,- A7.4

CA4L.I t'T E? (ZA71MO. N. IB. PA8I
I F N, 3'44 3-.4 3,.'

6F' J6 J136) HT JN)T^ B.IA

CALL I4 ?- m l ~ .PO
if (q 4,34. 4,347 14.

1416 LL-2 "

.3o IT) 6 3 ) F
3147 A1.iiD7! I AL7IfA*ALZ--A.4/2.3 . "

a 77 A.- b' ( E '. L'- A 4 I i~Q L'3))~D2

C TEST FOR CC14YEPG1ICZ 014 TI!. '

1 j(A 8S IT T0- T LI- VTL 0) 3) 1 &11,141, 35 0
350 NN1E14').ll

I F (.A, 6- 4 ) 351,3isl, 35 1,

C SAVE 151 7AL0? r? TB TUR1 POSSIBLE NON-CONVeRGE14CE.

151 TI''L.3IL!U

I )352 2~I (14 Iij

352 = 1 al' 7s 
.

on 10) 11D

c S71:5 ''73
C VO CONVERGENCE ON TlB AND4 ITERATION SAEIF.UM1 EACIIED. S16 ''"3
C PRINT DIAGNOSTIC ASD ALL, VALU ES OIF Td FOUND. 7)iCb 1'90
C SEC62.300



3i9 IF (K-1I 4)'03 4.03,1400 3 -G
80F ?AJ ( 14) T3PAYI "Li **I

9 4- T ')"9 1 ) (TbO AA71 Jr) 41 1 100) iF"30

C ~
C CLEAR TB SAVE ARRAY. .
C ;q- 1

KBO 1 -, 4 20
KTBCT-0 - , 41)
DO a05 1-1,100 1' "3

,1 -P YI 0.0
1805 CO -1 ')

GO -10 S00 43
C STORE 7UInbfP4 OF ITERATIONS 3EQUIRID TO CONVERSE ON TB. F-'S ) 0
C4"1
C
C !t***S*!tf'*Q* f7Pq.40 N. 11.0 *.**9f~t********1

C 414..........1.

C '1 " 7 '
C COI!PIJT! 0ENSIY OF C.&S 41IT3R. ''
C

RHO;B (NG*P)/(10.732*TB) ,

C
C 13.!F(P0LhTl FOR DENSMK;E OF LIQUIDS A AND 5.
C '"

M. TO

CALL 1NTPP (ROALS .ETO, P)
LLm27

; 41 1110,119 ,3 60 -
360 4.1

CALL r NTPP (4OBL, M. TP, 2)
LL 27 --- 7
I F t) 319,319,363 '7

C
C CORPU7! DENSITY Of LIQUIDo mSIITUPE. 9
C

C 
-

S*I
cc INTERPOLA!! INTO VISCOSLV TABLES ?IN LIQUID A AND R. " '

M-l140

C A . IT 9P (TI ALO. .. F * . P)

IF v9( I 19,319,36 '*
366 76.7 v~ , *3,

CA LL, LST P(YIB1LB, N. I!. Pi
IFI' ('4) .3,344,370

369 LL=29 l-' 'o

.O rI, 119 ,--' ,"

C ??R 'NT EALUES OF A AlD P1iI~ T1. ?s TABLP
C2 S ST76T 929

C FtMD GOOD APPROXIBATION FOR OSiIl TO UE '4 SOCZEISIYE W.30LI0



C SOBSTIT'J ION BOUTINR4 AT STIRP 90. S' ~3
2399 K0SC =O 1.17y3

KDSW- 1 1113I '

1239 co'" 3 , ,nl

IpW. 1 10

21401 COT "IIIE .3Z:IV

S10dx2 1 -

110 Tfl 51(0s
2'402 (70Y'.3 'U'

IF f L 1 12402.21403.,121402
121902 CUN, Nil JI'

DI L A 1
1 r.00 123' "03

1203 003. NW

214014 co :i lFr
If (0-: -SODSR ESS1) 2405,21406,21406 1

2140-5 L'm 4r

2 L406 p vz 141 3

12407 LiO I.V

12407 rL

21409 CO T'

Is 1-' 1. Sr" .
I~ rn 1-DSM4) 21410.2410,5063 I, 37q

21410 C") riN',..""

121410 7SMIN1)SO0.121410, 121410 F-C
140 ':1 .3)00 E I-

121411 C0N4' UE .
rF I1')"1 124Its, 12412,1214 12 .

I - E'xiDSlS2) 21406,121413. 12'143 . '

1131 C' 1416 U 3.71

121415s IOCNE, ~, )o
1244 ')%1 13S 1' 1710

121411 COATINUR 3sCl 176.3

179



I IBLAl-S) 24Q03,24i03,5060 I . 1713
121117 CO'TZrIUt ~El: )ii7

DS P V!;2 - 0 3 S 11 III

GO ic 210 11c' ill

C CYALrJA'rf JS FOR G7VII DSI. TEST 7CR cOHVRRl~rlc? i.,~

5000 CO'41INTI~ I~~4

9 '1- . 0 A (1S~ . ,,12

.5 tm . 5 ) 1s1o/5 0 1~* 7,
6000 c01 1I7 4

500 V Y11)3 T 7?5K S MBBA O SQ T I .1 1,2 M5 W
*PI EN'*S(

IF(F-.301JSQ5 ,5D15 t,005 ~*u'
S005 IF 0~31520 5620 5316
51.15 c z 2. 4F. 47

5020 C.' 2.4.3,'j2

50.25 CO.J. 4 51,7 S,-

54710..U CD'30 1421O.H1 LLa (all 4.-I32I.J I' to1

-~ ~ F M E051 q 23 1,9 1.R S '.1

50115 .4.,. -, Iw S .!-

504 52. 1 .- 100 P. 1

If S ; N nlSI 5,J70 5010 5060 12 ~74
5060 4Rzt5 (1.5061, 11 231*5g2 SRES2,SP5 7"2

GO 10 14190 1
5070 CON7!'1')1 E

C CO43PITE '4EXT kPPSOIK.bII TO 05.

DSAVE-OSI , 14 413

Q ,a Teo _ c ,4 .4 .3
149 TIVN0 110 0 ,4.4 m1)

100 aPS11lT-100 46
$ETFN S .4.70

500 so tAG. 1 i',44,40
CAUl 0TFOT(VNV.LPGCT.IMG9O) sE.- h4L90

130



RST'lT- 110

5065 POA1AT IHO 7Z 511140 PS C01;VE23;FCE. :0'ILD DrrECT 10 STG11 CHANGE S-Ci"?.),
i I , its ?A'3,r11JLj ;) F(DS). VALUP.5 ?OLLJW / I iX, 1P6!15.tp wI 4)4

9001 YFi'qA,- 1IIU,1'31 ,)IIE7'3ATIV V14,Q il'Tb (If 15~i .
9136 FOA'IA.T 1s' 7? T lC1~f?~'G 0~ 6 1 AL.,A
9310a Ec1rA& lifJ.7x, '.lI~ PA3) "A45'0)

9318 P')I 'IA (1110 7x, 1 7;:urZD ztAvcAe orF k167K Ua0LI.'~.5 3 ', .'4
1AHIT * lE 2 5v 41iP) - 12 tA) r. u .." 10

93JO 11114114 07X 2;'CL 4"CNV33o 3 :,.,
93 0 3 i2'.k .1.')):

SUBP'OUT'R4E THROUAT
COP-1014 TZZZAY 711") 120

C THE1 ABlOVE C25110A 0LK PON sw1ipouTnmZs -AbLe 4'If im-an7 -. : ;'
C IT MflST E 17! P11: F13T CO.'I11R.rCK ! ---

COMMONG A *AaMI ALAN ALrIaha A 141.414 % LI'I.98 * l"1)
ALP'AS *A" I AP * AS A 71 'A

C *Cl I CA;;I *CA:;.13 A r,' 21 CL.18 * 7V1)
A CSGI CAL , 7 L: 131 0 *~i _a: 1 -1 1 t37:1. 1 1 a
CONRIOE CZ:7S C* c2:- T4 -2 F C'! *. 7:f' . 113

6 CFO is 3I *C ). CA 1.2 Ti-' )IV)
7 CLIS , Cs~ , E , ?14 1-,A T l il 14
a4 D0 D DELIA DEO LI , ~ Lt 1 ,1.A(1 A '. L,-) T)'I 11
9 lrLO Of1 Z.5 1 20 1 .I'I c JL1 lI. 7 61'

COMMON 0 L'i AOB ~A D.. i~l ""' U(; L)4 .. " 1

0:3 02AX 0 -.II N I 57:iAY1 5.-,'A y )V s I11< :''"z 2 I 023
* DS'IES Ds D:;X1 * 13*2 j 'rI ).< 1'6

CORNON 030 :TI 3-211a * IlLI 7, 'La L . * ~ 12 '3t

7 . 11 3). A.; L' - It~ n ' " ,
a -7M4 J G .T3 *IG ,I L* liSt ~Ln * 1' TI) J2
9 -L -- 'I,; ". 1) L* F. P .. j 4f 1

C06I1%0% I Ij it , r. li h1G 9 '1.;A 1 1g-12 3!' '
.1 irl K,-"4 S R LA I 4LA'I I LA ~ PLA

1.4 1 U) I dL '.I "L1.. , 41.',' l. A*
3 HOPE! IT T AC -1'Ld 'nL1 12.* II)

CORSOE K2 * 'A)' i* sc (D:,' K 11 ,R K.CIi
6 K 1 , C 41Tb KP F'' IV i4 j
7 L I L.2 *LCTI LC72 L L * .4C. w"
a LSW Is M4*0 IF !,;,.j -17' ''
980 M) *A" T "T *'AC v 19 *i Z:1, K C .5 rl I
COMMON Sir41 AG Nn ",, 4I L I *

I 49 , 11 1413 N 713 4 '! ; I
SN N0 0 14. 'I) *: "! 1 - f I,,!

3A P0 , 0 * 11 P L~A " ?4 &'1 1-J

COMMNON P .i :1 IA d r'III PA *~r Pt - 'IL "; '4'

P1 Fu 14 *13 111 1 771 4 lI)40
R ~ I 11 0 i ft A. 4A01)1 *N 1477 0 '.
4c ?D LIM Pl1I D Z 42 LO 'It'SI 7:1'* 14 *

CONNON I P. , HOG S FIL L9 R1)41. ' l *: "'LS.314.14 '1
R 119 pr. ,,1 -! )ALA 8 A L * LO a

2 R93 L SO R,)1 R 13 LI M1111 '

II 53 *S4 55 A .21 5..' *- .4 .1, ~)
CONROE SIS 1 .1114 , 31 I 91132 *SMLC M 391. 7! ,

6 51 sm* 571.7 se * II * l 1 1.12 1?4- 10
7 SOP 30 *.1)sV 24 S1 .4 1 1Z0 *

8 1 *8 * IRA?* ?iRA T1 23 *"' * 114)45

CORRON T115 8 10 *HO -,HO THO 110 Wt 0A 5 7 1 07



1TL48 T '.3 *'L T 'LS * rST ,1T Twillr' T4n)SA

T2 T~NS * W'u Iwo Ill vi It A2 ,:w J,)10073

v 1197 v If UIS veY1 v 111.- I * 'lB , 1377.1 -J , ~
v (1 V71 v G77 I rs 7) A r IJ ;1,

CONNIOW VIA LB v IL ,B I ' i tVIjLd V 131 ,71, ITl~ 1-1

6 VIC.;f15 71 ,rL 751.1 1 5133 *~ . ,, n

7 VL V .11 L 17 V 7 95 ,I ;ar7

9Al. "I AG LG - . (I * 431. IS

COMMlON d!L1 0015 to I 1 11 , L~ In~ 1!

1 ~~ 1x' 0 t

DIvF!s9T84IDA (1(7 7 )7

21 ( -10 A rE1 :15 3SA T(00 ,0 t i'. 00 T?lAY(00) TBRAY_14 '

F.J( LALFtSCE(N LATi fA 1) 7- 7,, ''1

CALL OURBEIV 7'; 3
c

C PR(INT mu"73r coNr1TOYS. ~''7
110 dIT76ila

I877 I X,1I~ IS)S AS "9 1 Y~YLS
1175 :.' bLSR9 AS,2 ALPHS.3LAT S,

1176 RIXTl.Oj to('7 ,Ai7OWjIdA7.S.Ai7SWGS. Tii I 71
SAS*71:7,~ II.71 7 A

111IT ITl.C 
l3 ;777S 

T714719 3

1178 T Va !~.?~i tC3t *d,7tSDLSfLSOS,

C LINE1 9 !, 73757?T CONTAINAS AIUIT14AL QuANtr
t
z C0MrfTTSD F I''R '

C ANNI'7LAtt '4uZ1ZLE. 
" *,

1180 88 177Q 17 17, 41S. 5715 DELT17S. 3 S1.51,3l'InS,

C 108111? STA717717'7T'; l.3 q-LVIE P"'A7774 '17177?.

lO 10 rn !A~ I. ix VX lx 11,Il 12' .3.11371I'll, 1179, lV,271?G. 12X, 'J 1,).3

15 ifA;, 111A , 1 I)G 4HBE17', 137 7 1. '' 1 17 771 .7 7'

1003 ?ni-!%A 'l'o l 17, I:7 i- j 77 .1 4 , L4G n"
1 12 ,,1., , 11 ,ILA 7>7'X'I.d!t X7I-

17007 ForimArtil I74 -x v,25 177 1 9 11i7 ),77.L 7.' 7'17

1008 5 1u 1 10 x Is I!F I I! ?I75.; I lu . l ll liJ3 4afi L! 01DEL1 I lt
15141.111 70W I .41 6 A. 1 PH7711. .d '')' 1

CO!9'
7
In TZZ?.A17 

317:3

C T4K AEJVF USOMC ILICI' FOR 3711710'1771 7 rAOLF AND1 IXTR77 I1'

C IT 7175 TIS Et 1 T09 77 C0117i071 7,L'C& )1A

C01104 4 A f %R71 4 .LA ALH4 AS 41.1748 %L('11 * '713 X

2 BAT11 SEAl 0558 F. 315,1 * A a 37577) 3.1 : : 71.3 IT

3 C7 c I3 CA I7.7 c %.;. , -A3 47 B (:7.7.1 ) 1 007

4 CHII~ CAL CASE71 C3G.lS 561 , 73.1111 nt COV07311
ComBON Ctlis COP co CDI *FI Cron1 D 775*(11 IAGO120

1392



7 LS * OV 2 * AC * DI1U

S DO *DFLLH DD FI!.? I DOLLS * 4L0l , JEIL 0 D[A(,.11'0
9 D ELOS , 71.5? DILSO D DLr.4 DIMST FEPLT ~ DI..1
CORHON DE.% GO DE!AG :)1- M'BGS 0190B D 07.13 I;B 1)I 7tD DIV )1~170
1 01.31 rS 0LSOS *DO Opt I P !? A "'3 A ';j11 01"2 Dill D* (1) D OP DS91 1) 15591 E 7S L i D~ )11 310

D SnAX 031SAT N OH AY 1 03DF A. T P, 131 _i I p SS2 , ) 1 At1 ,20
S OSR FS U S , DSS1 "1D'2 17 r;l 7 L)'U O3132

COHEON OT31 MI D71 *3110 DVLl *DrLO W! DL flT: ;21.0
6 DT D 135Q D 01G SO DV LSi I "Y1 L DTI A- 31 21
7 1950 E U93 ED F.- kGX 'I1. AC *13C 01%.17.30
9 F PL F ~L M 192 el Est) " !.p .. I Xi;4 2

CO"HOl H !* I IIVAc FI* t 11"3 k gI' 11KIM2 D I1 A.' 1270
I HK:; R '4K(;S 11 ILAl1 :1 'L A, LA * ALAS * l3;0
2 H1 it ILO BA LP il Cs1 A :1 PA DIN', * o 240
3 9051 * 91 T TALS V TI.- tOLX 15'3W DEA .3123
41 1JA 1':T *1.3FT z fz..0 * A I D: 3 107Il

CCHROP X2 K AP K KDSCT KD cl1 .L KRl * I 3 1 912
6 KrI , T8CT XT NI3 * 12 *lP L . DTI 3'O
7 Li I L 2 *LCh I LC3'2 LL L. LI CT 1) '; 314,
a L31 -1911 M n rP? F 5P .4 1 0O 20 *lI' ) ill
9 % 1C? * A?I * N ACT It . N 1C I.I NL L75 1 1';.

1cosmos 1431ka 4 ADs Mi Hil :;11 I S N L1.5? T DIN 40)373
2 14 NM0 RID 7494 IN %u4 ITN99 *

2 3 )0 0 * 91 N isn w, "A". 1 110

6 1. *P() * PS * P-1 v! W 
t

7 It1 A POW t A5 V) 719 AX na3 14 9.4
4 C ? 7311. IN RD L9310 * AII ,1 r'2 'Is.7 ,

9 .1. -R 1S ':M R.LIH P1 Re.1 E:; P513% i. aL~ n1.
CONSOM 14115 I ill S A !!,)m L B ' 1i)LA -11 -C. L " 3. :!%C 1-470

1T H19 SM Al *14 OALS B .!AL -- , 3LD 3
2 1118L *o~ 909 R 4 SLI - A .%

3. 13 .4v It9 To 1 l *.:2 R
S 3 S'A .5 *S P. ~ i .! N I; :IN;')

COPROM S 1:1. smr S511 *3 1 511! 12 IX .iD~i I7.A.; '-
6 SML F 4 SLF '.:31 L S( N *m :3J1 ;0.12 r u 't;5 0

7 5"P so 30 * 105 53 . '. *z .7 r S '-

9 -G T T Ii -. ~I *' 710. r I
COllsop TIM 1 l7'!)J * !p 7,13 F *K 1 *i " 7 11

1 .'. I .. R L I .1. L T.. L: 7.17 E1 )
2 T.19 IS 10' T3OPS V 1 k. J i")
3 IF BE) V30 AIiI *nq Ql v I53. v Al. 11,1;)*
I. 93 es T.0 Tr 11 * 91:12 v r'3 7 71 Ai
COMMON MIALB I VAL T TlUG V W1.B VII v11 * It' * '33 .

V,1'.1 3 VIL 1119 *V T L33 IL v T. 11 .i',.0
,3 V :L!Q *VL3 *V; V-1; '-;A13 Of%* 14

9 WIlL I313 V *AG V 1431 1W In dT5 D
CORIIPA .09 J4 .39 )11*10 Il r1 CLX * 5 .573

I 914T x 7' x 95 XX X,.(A 11 7) 1 At '''
2 fis To) Y OS * 11? 'S11 i '.1N )

D I MENS 10 21.1(10)Pt11

D1:'. '..; 10 1 2A7.Z(1:Asz (]I) 'D() X 1751jLJ~ I11 N.; ;
4k XXoo ask&'i 11. 54 (116) as lT1 (I00) *1DAT (100) TBIAT01 1.; 17 3

2 01 F~ ('T47 It 7307,

S 9'"'. '199') 6DN11",S A 1 IN .)

I (ND!IAG-1) '0,498,10 DTA'.10
498 DO 4'9 1- 1 475 Dill; 1 110
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